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EXPERIMENTAL STUDIES THE NASOPHARYNGEAL 
SECRETIONS FROM INFLUENZA PATIENTS. 


BACTERIUM PNEUMOSINTES AND CONCURRENT INFECTIONS. 


PETER OLITSKY, M.D., FREDERICK GATES, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, March 


the preceding article! this series, described the anaerobic, 
filter-passing organism which has been cultivated special methods 
from the nasopharyngeal secretions patients the early hours 
uncomplicated epidemic influenza, and from the lungs rabbits and 
guinea pigs experimentally inoculated with these Earlier 
experiments had demonstrated the presence, the nasopharyngeal 
secretions, active agent peculiar character, distinguished from 
ordinary bacteria its effects the lungs and blood experimental 
animals, filter passage, and resistance glycerolation for 
period experiments with the anaerobic organism 
disclosed similarity biologic properties and pathogenic effects 
sufficient establish its identity with the active agent. have, 
therefore, stated' that the pathogenic activity the nasopharyngeal 
washings from early cases uncomplicated epidemic influenza, 
tested our experimental animals, was due the presence the 
anaerobic, filter-passing organism which have recovered from these 
secretions. 

peculiar and significant property the active agent, view its 
origin, was its effect reducing the resistance the lung tissues 
inoculated animals accidental experimental infection with bac- 
teria ordinary species—those bacteria for example which were 


Olitsky, K., and Gates, L., Exp. Med., 1921, xxxiii, 713. 
K., and Gates, L., Exp. Med., 1921, xxxiii, 125. 
K., and Gates, L., Exp. Med., 1921, xxxiii, 361. 
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NASOPHARYNGEAL SECRETIONS FROM INFLUENZA. 


frequently found concurrent secondary pneumonias associated 
with epidemic influenza 

the active agent influenzal secretions has been identified the 
filter-passing organism, follows that this organism should have the 
same property reducing pulmonary resistance experimental ani- 
mals. the purpose the present paper describe our observa- 
tions and experiments bearing this point. 


Accidental Concurrent Infections with Ordinary Bacteria. 


Under the heading accidental infections may grouped those 
scattered experiments which the intratracheal inoculation 
washed mass culture the filter-passing organism was followed 
pulmonary infection with ordinary bacteria. have already de- 
scribed such accidents after inoculation the active agent from 
influenzal These experiences were less frequent the later 
experiments with the filter passer, due the avoidance oral con- 
tamination after the catheter method first employed was discarded 
favor needle puncture the exposed 

Nevertheless, ordinary bacteria were encountered the lungs 
six rabbits five series transmission experiments with cultures 
originally derived from strain the filter-passing organism obtained 
from case the first, 1918-19, epidemic. Three other transmis- 
sion series remained uncomplicated throughout. these experiments 
the first passage was initiated with culture the filter 
sequent passages were effected with suspensions lung 
the preceding rabbits. Thus the organism was carried through 
many five rabbit passages, and subsequently recovered. 

Bacillus was recovered from two successive rabbit passages, 
the fourth and fifth, one transmission series. Bacillus coli, Bacillus 
lepisepticus, Staphylococcus aureus, and large Gram-positive bacillus 
were each recovered once (Table The occurrence such 
accidental infection caused the termination the series. 

The presence concurrent bacterial infection these rabbits 
was usually indicated aggravated symptoms and prostration 


Olitsky, K., and Gates, L., Exp. Med., 1921, xxxiii, 373. 
All operations were performed under light ether anesthesia. 
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PETER OLITSKY AND FREDERICK GATES 


and death within hours the animal was not killed earlier. 
intense injection purulent inflammation the conjunctive devel- 
oped. Loss weight was marked. The blood picture showed 
greater depression the leucocytes, involving both the polymor- 
phonuclear and the mononuclear cells than that occurring the 
animals which were injected with Bacterium the 
rabbits which Bacillus coli and the Gram-positive bacillus were en- 
countered, the initial depression was followed polymorpho- 
nuclear leucocytosis. 
TABLE 
Occurrence Ordinary Bacteria the Course Transmission Experiments with 
pneumosintes. 


Generation No. 
of 


rabbit 
showing secondary infection. Kind bacteria. Pathological effect rabbit. 
beginning typical 

the series. effects. 

one two rab- aureus. nuclear consolidation 
bits). with abscesses. 

Fourth. Second. coli. Abscess lungs. 

one two rab- tive aerobic ba- 
bits). cillus. 
Fifth “ 
Ninth. Fourth. lepisepticus. Purulent bronchitis; 


patchy pneumonia. 


autopsy the familiar pulmonary lesions—hemorrhagic edema and 
emphysema without consolidation pleuritis—were complicated 
masked other lesions attributable the ordinary bacteria involved. 
diffuse polymorphonuclear exudation was accompanied patchy 
lobar consolidation, localized small abscesses, and necrosis the 
vascular endothelium with thrombus formation. purulent bron- 
chitis resulted from the infection. From these lesions 
the invading organisms were cultivated and identified. 
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NASOPHARYNGEAL SECRETIONS FROM INFLUENZA. 


Thus the course accidental bacterial infection rabbits inocu- 
lated with the filter passer closely paralleled the findings similar 
infections accompanying the active agent the earlier experiments. 
more exact basis comparison afforded parallel experiments 
with the active agent and the filter-passing organism which con- 
current secondary bacterial infections were experimentally induced. 


Experimental Concurrent Infections. 


With the exception Staphylococcus aureus, the accidental invaders 
our experiments not belong the group organisms commonly 
found concurrent secondary pneumonias frequently associated 
with epidemic influenza man. For the production experimental 
concurrent infections therefore chose two organisms examples 
the frequent inhabitants the nasopharynx which have been 
recovered from many postinfluenzal pneumonias, Bacillus and 
Type pneumococcus. 

have already the results intratracheal intrave- 
nous injection these organisms alone the small doses employed 
the following experiments. Their effects were transient and differed 
essentially from the equally transient effects the influenzal active 
agent. was the combined action bacteria and active agent 
the same rabbit which produced the fatal pneumonias the experi- 
mental animals and led point out the significant similarity 
these pneumonias those associated with epidemic influenza man. 
With these earlier experiments basis comparison were now 
ready study the effects the ordinary bacteria combination with 
Bacterium pneumosintes. 

Rabbits were first inoculated intratracheally with the cultivable 
bodies and then received suitable doses the chosen bacteria either 
intratracheally ear vein. 

The following protocols illustrate the results the injection 
cultivable bodies and ordinary bacteria the intratracheal route. 


Protocol pneumosinies and 17, 1920. rabbit 
whose normal temperature was 38.9°C., total leucocytes 11,000, which 4,620 
were mononuclears, was inoculated intratracheally with the washed sediment 


Only typical protocols number similar experiments are presented. 
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fourth generation mass cultivable bodies originally derived from the 
1918-19 epidemic. Nov. 18. Temperature 39.3°C., total leucocytes 8,600, 
which 1,892 were mononuclears. Inoculated intratracheally with one loopful 
hour growth Type pneumococcus standard agar slant. Nov. 20. 
Temperature 40°C., leucocytes 6,000, which 2,400 were mononuclears (Text- 
fig. 1). Killed. The lungs showed lobar consolidation (red hepatization) the 
right upper and lower lobes and small patch consolidation the left upper 
lobe. The lesion the left lower lobe consisted edema, emphysema, and 
number small hemorrhages. Film preparations the consolidated area 
showed per cent polymorphonuclear cells and few pneumococci. Aerobic 
cultures yielded Pneumococcus Type IV. 

Control rabbits were separately injected with the same doses 
sintes and the pneumococcus. the first instance the injection was fol- 
lowed hours fall the total leucocyte count, mainly due drop 
the mononuclears. The rabbit was killed. autopsy the lungs showed 
typical hemorrhagic edema and emphysema without consolidation. Aerobic 
cultures remained sterile. cultures yielded pure 
culture. 

The second control rabbit, injected intratracheally with one loopful pneu- 
mococcus culture, was killed after similar interval. The lungs showed lesion. 
Aerobic cultures were free from growth. 

Protocol pneumosintes and 11, 1920. rabbit whose 
normal temperature was 39.2°C. and total leucocytes 7,000, which 3,850 were 
mononuclears, was inoculated with the washed sediment seventh generation 
mass culture cultivable bodies originally derived from the first, 1918-19, 
epidemic. Dec.12. Temperature 39.5°C. Total leucocytes 4,600, which 794 
were mononuclears. Inoculated intratracheally with the hour growth 
blood agar slant pfeifferi. Dec. 13. Temperature 39.5°C. Total leuco- 
cytes which 2,500 were mononuclears (Text-fig. 2). Killed. The 
lungs showed pneumonic consolidation the right and left upper lobes, and 
edema, emphysema, and patchy hemorrhages the other lobes. The diffuse 
polymorphonuclear exudation the consolidated areas shown 
bic cultures yielded pfeifferi. 

control rabbit, inoculated intratracheally with the same dose 
sintes showed the clinical and pathological effects regarded typical and already 
described length! (Fig. 2). 

second control rabbit was injected intratracheally with the washed sediment 
from uninoculated control the mass culture medium, and the following 
day with the same dose pfeifferi that was given the experimental animal. 
This control rabbit was killed hours later. The lungs showed lesions. 
Aerobic cultures yielded growth. 


dose and preparation the growth mass culture for inoculation are 
described another paper.! 
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Total Jeucocyte 
count 


~e-Mononuclears 


nuclears 


Text-Fic. Effect blood count and temperature (Protocol first 
intratracheal injection consisted the cultivable bodies and was followed 
rise temperature and depression the total leucocytic count, caused defi- 
ciency mononuclears. The second intratracheal injection, pneumococci, 
caused essential change temperature blood count. 

Effect blood count and temperature (Protocol first 
intratrachea! injection consisted the cultivable bodies and was followed 
rise temperature and depression the total leucocytic count, caused 
deficiency mononuclears. The second injection, pfeifferi, 
caused polymorphonucleosis. 
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The injection cultures the cultivable bodies, followed sub- 
infective doses pneumococci Pfeiffer’s bacilli, produced lobar 
bronchopneumonic consolidation the lungs with polynuclear exu- 
dation, combined with the hemorrhagic edema and emphysema typical 
the Bacterium and the influenzal active agent. 

Cultures from the consolidated areas yielded profuse growths 
pneumococci Bacillus pfeifferi. Control rabbits injected with the 
cultivable bodies alone showed only the hemorrhagic edema and the 
emphysema, without consolidation (or polymorphonuclear cell inva- 
sion). Control rabbits injected with the ordinary bacteria, the 
smail doses employed, showed only transient polymorphonuclear 
leucocytosis and visible lung lesions. 

These experiments, therefore, gave results similar those observed 
after the intratracheal injection the active influenzal agent and 

The intratracheal injection both organisms imitated, manner, 
the probable mode infection man. second series experi- 
ments, the former experiments with the influenzal agent, the 
intravenous route for the injection the ordinary bacteria was chosen 
more severe test concomitant action, even though the blood 
stream may not the portal entry the lungs postinfluenzal 
pneumonias man. 

series rabbits was injected intratracheally with third genera- 
tion culture the cultivable bodies, originally derived from the 
nasopharyngeal secretions case the first epidemic (1918-19). 
hours later they were given, ear vein, small doses Type 
pneumococcus Pfeiffer’s bacillus which proved subinfective for 
control animals. 

Under the conditions the experiment the ordinary bacteria showed 
selective localization the lung tissues where they set active 
infection resulting more less extensive lobar bronchial consoli- 
dation, with profuse polymorphonuclear exudation and fibrin forma- 
tion with necrosis the vessel walls and thrombus production. The 
rest the lung tissue showed the hemorrhagic edema and the emphy- 
sema characteristic infection with pneumosintes alone. 
Type pneumococci Pfeiffer’s bacilli were recovered from the 
consolidated areas. 
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These observations the results experimental concurrent infec- 
tion with the cultivable bodies and ordinary bacteria closely parallel 
those already the result similar experiments with the 
active agent and the corresponding ordinary bacteria. 

They demonstrate that Bacterium pneumosintes possesses the same 
peculiar property lowering the threshold resistance the pul- 
monary structure infection with ordinary bacteria. result 
subinfective doses Type pneumococci and Pfeiffer’s bacilli, 
for example, become infective and invade the vulnerable tissue, with 
the establishment such reactions are typical postinfluenzal 
pneumonia Thus additional proof afforded the identity 
the active agent the nasopharyngeal secretions influenza and 
the cultivable bodies derived from the same source, and further 
parallel drawn between the accidental experimental production 
concurrent secondary bacterial pneumonias animals and the 
frequent occurrence similar postinfluenzal pneumonias man. 


SUMMARY. 


During the course animal experiments with the anaerobic filter- 
passing organisms cultivated from epidemic influenzal sources, certain 
pulmonary infections with ordinary bacteria have been observed. 
The experiments also have shown that the lungs animals infected 
with Bacterium are less resistant than normal lungs 
infection with ordinary bacteria. The demonstration this fact 
invites comparison the course these experimental bacterial 
infections with the sequence postinfluenzal pneumonias attributable 
similar organisms man. 

These observations furnish additional proof the identity 
Bacterium pneumosintes and the active agent derived from the naso- 
pharyngeal secretions patients the early hours epidemic 
influenza. 
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EXPLANATION PLATES. 


Fic. Microscopic lesions the lungs rabbit described Protocol in- 
jected intratracheally with pneumosintes followed similar inoculation 
hours with The diffuse polymorphonuclear exudation note- 
worthy. Compare with Fig.2. 95. 


Fic. Microscopic lesions the lungs rabbit described Protocol 
and injected intratracheally with the cultivable bodies alone. The hemor- 
edema and emphysema are noteworthy. 95. 


PLATE 


Fic. Gross lesions the lungs rabbit injected intratracheally with the 
cultivable bodies, and hours later, intravenously with pneumococci. The 
hemorrhagic consolidation the left lung, and the hemorrhagic edema and 
emphysema the right are noteworthy. Natural size. 

Fic. Gross lesions the lungs rabbit injected intratracheally with the 
cultivable bodies, and hours later, intravenously with pfeifferi. The hem- 
orrhagic and patchy consolidation the left lung, and the hemorrhagic edema 
and emphysema the right are shown. Natural size. 
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REACTIONS THE NASAL CAVITY AND POSTNASAL 
SPACE CHILLING THE BODY SURFACE. 


REACTIONS. 


STUART MUDD, M.D., ALFRED GOLDMAN, M.D., anp SAMUEL 
GRANT, M.D. 


(From the Department Pathology Washington University Medical School, St. 
Louis, and the Laboratories Biophysics the Cancer Commission 
Harvard University, Boston.) 


(Received for publication, March 1921.) 


Chilling the body surface has been shown earlier communi- 
cause reflex vasoconstriction and ischemia the mucous 
membranes the palate, palatine tonsils, and pharynx. The present 
study demonstrates like reflex diminution the blood supply the 
nasal cavity and postnasal space (nasopharynx). 

the postnasal space the reaction closely similar that previ- 
ously described for the oropharynx; with chilling the body surface 
the temperature the nasopharyngeal mucosa has fallen typically 
between and 2°C.; rewrapping the subject, mucosa temperature 
rises, indicating return toward normal the blood supply, but, typi- 
cally, under the conditions our experiments, recovery not quite 
complete even after interval least long hour after 
wrapping. 

the nasal cavity the reactions are qualitatively similar but 
quantitatively much more striking; with cutaneous chilling the tem- 
perature depression the nasal mucosa surface has been found 
some instances more than 6°C. With rewarming, recovery 
has always been sharp, usually stopping somewhat below control 
level, but sometimes rising above this region notorious for its 
erratic variations vasomotor state. 


Mudd, S., and Grant, B., Med. Research, 1919, xl, 53. 
Grant, B., Mudd, S., and Goldman, A., Exp. Med., 1920, xxxii, 87. 
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The threshold the vasoconstrictor reflex the nasal and nasopha- 
ryngeal mucosa has been found lower than that the skin 
the forehead. Merely unwrapping the subject, the cool room, 
temperature number instances caused depression 
mucosa temperature without affecting that the skin. 

Profuse discharge clear mucus, both from the side the nose 
directly irritated and from the opposite side, although more abun- 
dantly from the former, occurred during most those experiments 
which the thermopile wires used for measuring surface temperature 
were introduced into the nasal cavity. This rhinorrhea was little 
all affected the diminution blood supply and shrinkage 
the nasal mucous membrane which occurred reflex response chil- 
ling the body surface. 

Discharge from the nose has been most rare occurrence 
experiments which the nasal mucosa was not directly irritated. 


Methods. 


The methods used differed only detail from those the earlier 
papers. The vasomotor reactions were determined before 
following with thermopiles the temperature changes, synchronously, 
the surface the skin the forehead, and the particular mucous 
membrane site under consideration. fall surface temperature 
under the conditions the experiments indicates vasoconstriction 
and diminished blood supply, rise vasodilation. 


Respiration before was controlled thoracic and abdominal pneumo- 
graphs and metronome. Breathing the present series was through the nose 
with lips closed, respirations per minute. 

Chilling many the present experiments was performed two stages; 
first the subject’s wraps were removed the cool room; later electric fan was 
turned and directed against the lumbar region his back. When the fan 
was turned off, the wraps were replaced the same time; rewarming was con- 
siderably more satisfactory than heretofore two extra blankets were used for 
rewrapping. 

The thermopile tips were applied means No. galvanized iron 
wire carriers whose applying ends were shaped conform the contour 
the particular skin mucous membrane surface apposition with which the 
thermopile tips were held. 
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the nasal cavity, the wire carrier, applicator, was maintained 
position special applicator holder. metal spheroid (Text- 
fig. attached metal plate, connected metal plates 
bearing sockets and closed set screw, with second spheroid, 
thus making double ball and socket joint. The spheroid, 


Nasal applicator holder with applicator and unknown tem- 
perature end thermopile position. metal spheroid mounted metal 
set screw for tightening lateral plates, bearing sockets, upon and 
second spheroid, thumb screw for holding applicator, place groove 
metal crescent continuous with applicator tip bearing the three insulated 
thermal junctions. one two thumb screws attaching metal plate 
fiber-board plate held between the subject’s teeth. 


continuous with metal crescent into whose grooved bottom the wire 
applicator, fits and held the position desired the thumb 
screw, The thermopile, with insulated tips bound the 
applicator with adhesive tape. 

The whole device attached screws fastened two thumb 
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firmly between the subject’s teeth. This supporting plate fiber 
board, 1.68 mm. thick; although maintaining its shape quite well, 
allows certain amount molding firm pressure. The plate, 
crossed-hatched with saw facilitate gripping the tips 
the teeth. Making plates and detachable permits having 
separate fiber board plate for each subject. 

The sites studied the nose, because the difficulty making 
certain application farther back, were all the anterior half the 
cavity. The nasal septum, inferior and middle meatus, and inferior 
and middle turbinates were studied, the last about the midportion 
its border point cm. from the opening the nostril. 
Since skin, anterior half the nasal cavity, postnasal space, orophar- 
ynx, tonsils, and palate have now all been shown exhibit reflex vaso- 
constriction with diminished blood supply chilling the body 
surface, and vasodilation rewarming, seems safe assume that 
the posterior half the nasal cavity does likewise. 

For the postnasal space, applicator holder was needed. The 
were simply improved models the original nasopharyngeal 
applicator shown earlier paper.’ 

The applying ends the applicators the present series held the 
thermopile tips against the posterior nasopharyngeal mucosa approxi- 
mately 2.8, 3.3, and 3.7 cm., respectively, above the posterior margin 
the soft palate when the position the experiments; with 
mouth closed and nose breathing. The applicator with the 3.3 cm. 
vertical arm was the one chiefly used. far could estimate 
from specimens the anatomical museum, this must have carried the 
tips most the subjects high the upper half the posterior 
nares, some close the roof the nasopharyngeal vault. 

For the skin, applicator somewhat smaller and flatter than the 
one originally was used. Skin application was made upon 
the forehead all instances. 

The subjects the present series were 3rd and 4th year medical 
students recent graduates medicine. were fortunate 
being able include men Aryan, Semitic, and one Mongolian 
extraction. racial differences the vasomotor reactions were 
found. 


Mudd and Grant,! Fig. 57. 
and Grant,! Fig. and A’, 57. 
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Direct Cooling the Skin Air Currents. 


Although the sites application the thermopiles have been protected from 
the direct draft the fan, minor currents and eddies have necessarily been 
set the fan the small, closed experimental room, and the direct cooling 
effect these upon the exposed skin could not eliminated. This direct cool- 
ing, closely have been able estimate it, probably amounted usually 
between one-third and one-half the observed skin temperature fall. The 
curves both this and the previous series should studied with this correction 
mind. 

the other hand, obvious that experiments which the mouth was 
closed and the applicator upon the pharyngeal wall, the present series, cur- 
rents the room could not have entered all into the depression mucous 
membrane temperature. Similarly, with the applicator the nasal cavity and 
nose breathing, again the present series, the palate pharyngeal wall, 
even with the mouth open, direct cooling air currents the room could have 
entered but slightly not all into the observed mucous membrane tempera- 
ture fall. The effect the air currents, then, has been merely make appear 
less striking comparison with those the skin the vasoconstrictor reflexes 
the mucous membrane blood vessels with chilling the body surface. 

experiment illustrating the direct cooling the skin secondary currents 
and eddies from the fan given below. 

Experiment July 19, 1920, 3.28 4.40 p.m. 
Application hard palate, near posterior margin, just right midline. Breath- 
ing through open mouth. Room temperature about 19°C. 


Turning the fan the back the subject 0:20,5 without remov- 
ing the heavy wraps, depressed the temperature the thermopile 
the forehead 1.3°C., without apparent effect upon the mucous 
membrane (Text-fig. 2). Unwrapping was followed further 
1.7°C. skin temperature, one 1.05° that the hard 
palate. After rewrapping, skin and mucosa temperatures returned 
little below their respective levels before unwrapping. Turning 
the fan off, while without obvious effect upon mucosa temperature, 
was followed return that the skin almost control level. 

this experiment, therefore, there evidence direct cooling 
the mucosa the hard palate secondary currents from the 
electric fan; the other hand, with the skin the forehead, 


0:21, etc., indicate the time after the beginning the experiment; 
0:20 indicates minutes after the beginning the experiment, 0:21, 
minutes, etc. 


the total temperature depression 3°C. about 1.3° (43 per cent) 
was apparently due direct cooling and 1.7° loss blood supply 
through reflex vasoconstriction. 


Time in minutes 


3 10 20 So 40 50 60 To 
Resp. normal; wrapped 
Resp deep, wrapped 
Resp deep; chilled 


‘Temperature 


Reflex reactions chilling and rewarming; direct cooling effect 
air currents skin. Temperatures skin forehead and mucous membrane 
(MM) hard palate, Experiment respiration shallower than when first 
deepened; skin thermopile readjusted; subject laughed; shivering 
yet; respiration deepened; subject thinks respiration deep during 


chilling; subject forces respiration hard end maximal 
respiration. 


Vasomotor Reactions the Nasal Cavity. 


Composite Graph.—The characteristic responses the mucous 
membrane the cavity chilling the body surface are shown 
Text-fig. composite graph seven experiments. Application 
was made upon the right and left sides the nasal septum, the right 
inferior turbinate body, the left inferior turbinate (twice), and the 
left middle meatus (twice). The values averaged and plotted were 
the first and last readings the experiments, the readings immediately 
before and after each change conditions, and the points maximum 


Text-figs. and were used illustrate brief summary the intranasal 
part the present study which has recently been published.” 
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response changed conditions. The point maximum depression 
with chilling the mucous membrane curve plotted separately, 
the minimal point the skin curve, instead of, heretofore, 
the minimal mucous membrane value only, with synchronous skin 
value. Similarly, after rewarming, the average maximum skin value 
and the average maximum mucous membrane value are given sepa- 
rately, and the synchronous point the other curve each case 
omitted. 


Time in minutes 
° 1o 20 30 40 5° 60 79 80 


Resp. normal, 
34 ? wrapped 
wrapped 
Chilled 


in 


Temperature i 


Nasal reactions chilling and rewarming. Temperatures 
skin and mucous membranes nasal cavity; composite graphs Experiments 


Depression mucous membrane temperature with deepened respira- 
tion was only 0.65°C., and this was transient. Unwrapping the sub- 
ject depressed mucous membrane temperature 1.4°, but skin temper- 
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ature only When the fan was turned the subjects’ backs, 
nasal mucosa and skin temperatures fell together, the former 3.95°, 
the latter 2.2°. total mucous membrane temperature fall with 
chilling was 5.15°C., very striking result; that the skin was 2.4.° 
The average maximum mucous membrane recovery with rewarming 
was 3.7° (72 per cent), that the skin, 1.8° (75 per 


Experiment June 23, 1920, 1.14 2.48 p.m. Applica- 
tion anterior end left lower turbinate body. Room temperature 


Text-fig. illustrates individual experiment the reactions 
brought out the composite. With unwrapping 0:12 the skin 
temperature not depressed for 2.5 minutes; the mucous membrane 
temperature the same interval falls 1.6°C. The pronounced drop 
both mucous membrane and skin curves with fan interrupted 
sharp rise following amyl nitrite administration 0:23.25, 
amounting, the case the mucosa, 3.9°C., that the skin 
1.1°C. After rewrapping, the mucous membrane temperature 
this experiment slightly more than regained its level before chilling 
(in ten the twelve intranasal experiments remained somewhat 
depressed). Inhalation nitrite this flushed condition 
the mucous membrane resulted momentary depression 0.2°, 
followed rise 0.6°. Skin temperature rose 1°C., approxi- 
mately the same before. The experiment ends with profound 
vasoconstriction mucous membrane and skin vessels incident 
second chilling with the fan. 


values are calculated one-hundredth degree before, but 
this paper are set down only the nearest tenth (or twentieth when the value 
falls half-way between), since the accuracy the method really does not war- 
rant greater precision statement than tenths degree. 

The fall the mucous membrane temperature curve over the last minutes 
somewhat deceptive, and follows necessarily from the method selecting the 
points for the composite graph. The points maximum recovery are selected 
because they are maximal; the final points are merely those with which the 
experiment happens end. this graph tendency the mucous membrane 
applicator slip forward, slightly out position, probably contributed also 
the apparent terminal temperature fall. 
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Time minutes 
40 50 


Temperature °C. 


Resp. normal; 
wrapped 


deep; 
Resp 


#] Resp. deep; 


Resp. deep; 
wre 
amyl nitrite 


Reactions chilling, rewarming, and amyl nitrite. Tem- 
peratures skin and mucous membrane anterior end left lower turbinate 
body, Experiment subject unwrapped; fan on; begins inhale amyl 
nitrite; face has begun flush; flush fading; stops inhaling amy] nitrite; 
sh, shivers; shivering; wr, fan off, wrapped (two extra blankets added); 
mucous membrane applicator feels all right subject; subject readjusts 
applicator that can feel pressing against turbinate; starts inhaling 
amyl nitrite; respiration much increased; skin stops amy] nitrite; 
flush fading; unwrapped; fan on; shivering hard. 
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Experiment 3—Subject June 25, 1920, 1.37 p.m. 
Application left middle meatus, 3.6 cm. from opening nostril. Room tem- 
perature 


Time in minutes 


9 
q 
> 


Temperature 


Resp. normal; wrapped 


Resp. deep, wrapped 


——— Resp. deep; chilled 


Resp. deep; wrapped; 
amyl nitrite 


Reactions chilling, rewarming, and amyl nitrite. Tem- 
peratures skin and mucous membrane left middle meatus, Experiment 
sh, begins shivering; not shivering; shivering; shivering hard; skin 
flush fading; left nose partially occluded; snuffs back mucus. 


Text-fig. the marked upward trend mucous membrane tem- 
perature except where interrupted momentarily the deepening 
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respiration 0:14 and again through the duration the chilling, 
suggests one the spontaneous variations vasomotor state recog- 
nized frequent occurrence the nasal mucous membrane, but 
little understood. Unwrapping the subject was without effect the 
skin temperature but changed the rise mucosa temperature into 
fall 1.5°C. The total fall mucous membrane temperature, 3.3°, 
was with one exception, the smallest obtained twelve intranasal 
experiments. 


cation near anterior end left lower turbinate. Room temperature about 14°C. 


Experiment even the low room temperature 14°C., un- 
wrapping was followed only very slight skin temperature fall, 
0.2°, while mucous membrane temperature was depressed 2°C. The 
total mucous membrane fall this experiment was the largest ob- 
served, 6.5°; the maximum recovery after wrapping was 4.65°, 
incomplete return which seems more characteristic than the 
hyperemia after wrapping the two previous experiments. the 
twelve nasal experiments, recovery was incomplete ten, more than 
complete two. 

Amy] nitrite interposed small rise the mucous membrane tem- 
perature fall from chilling. 

Some difficulty was occasioned this experiment because the 
airway that side the nasal cavity which the thermopile was 
applied became occluded with mucus. Under such conditions mucosa 
temperature tended rise without local vasodilation, but snuffing 
back usually cleared the airway and showed the true course the 
temperature curve (Text-fig. 6). 


Experiment 5.—Subject June 25, 1920, 4.21 p.m. Applica- 
tion left nasal septum, 2.8 cm. from opening nostril. Room temperature 


Text-fig. shows well the effects graduated chillings. The fan 
was turned 0:16.2 without removing the subject’s wraps, which, 
however, were not quite adequate protection, for the subject felt 
cold before the fan was turned off. Mucous membrane temperature 
fell 2.1°C., effect which stray air currents can hardly have been 


Time in minutes 
10 20 $0 40 50 60 7 


Resp. normal; wrapped 


Resp. deep; wrapped 
chilled 


nitrite 


Temperature in “C. 


Reactions chilling, rewarming, and amyl Tem- 
peratures skin and mucous membrane left lower turbinate, near anterior 
end, Experiment snuffs back mucus; snuffs back several times; 
snuffs back twice; snuffs back three times; can then get air through nose; 
sh, begins shivering; face flushed; fan off, wrapped (two extra blankets); 
snuffs several times; feels warm; snuffs back; hard; feels warm; 
readjusts mucous membrane thermopile; can feel touching turbinate, appar- 
ently original site; sneezes. 
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concerned since the nasal cavity was already being ventilated every 
respiration. The skin fall 0.65° was doubtless chiefly due direct 
cooling. With the turning off the fan, skin temperature returned 


Time in minutes 
20 30 


Temperature in *C. 
= ww 


Resp. normal; wrapped 


ROSp deep; wrapped 
— Resp. deep, wrapped, 
n 


—— — Resp. deep; chilled 


Resp. deep, wrapped; 
amyl nitrite 


Reactions chilling, rewarming, and amyl nitrite. Tem- 
peratures skin and mucous membrane left nasal septum, Experiment 
skin thermopile readjusted; snuffs mucus back twice; feels cold; snuffs 
back three times; snuffs back; snuffs back three times; respiration had 
-been too shallow; deepened; face flushed; flush gone; stops amyl nitrite; 
face very pale; mucous membrane applicator correct position. 


control level, but mucosa temperature showed only small recovery. 
Unwrapping depressed mucosa temperature 1.1° without particularly 
affecting that the skin. Turning the fan produced the usual 
marked fall skin and mucosa curves, from which there was good 
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recovery both instances after rewrapping. The skin rise with amyl 
nitrite was characteristic; the negative mucous membrane amy] nitrite 
reaction, due doubtless hyperpnea and fall general blood 
pressure, was the only one obtained the nasal experiments. 
Twelve intranasal experiments were completed the series, with 
seven different subjects. Without exception there were clean-cut 
temperature fall with chilling, and recovery, partial complete, with 
rewarming ‘The sites studied, although all the anterior half the 
nasal chamber, included both the ordinary and the cavernous mucous 
membrane, and the reactions found—reflex vasoconstriction and 
ischemia with chilling the body surface, and vasodilation with 
rewarming—we believe may safely regarded characteristic 
least the respiratory portion the nasal mucous membrane general. 
The painful irritation the nasal mucosa incident upon applying 
the thermopile tips within the nasal cavity caused often also sneezing, 
lacrimation, and discharge from the nose clear mucus. The rhinor- 
rhea was more marked usually the side directly irritated but was 
present both sides. was little all affected the diminished 
blood supply and shrinkage the mucous membrane with chilling; 
eight experiments whichan attempt was made estimate whether 
discharge was more less during chilling, the result was extremely 
dubious four instances; the subject thought that there was more 
mucus during chilling three instances and less one. 


Vasomotor Reactions the Postnasal Space. 


Composite Graph.—The characteristic responses the nasopharyn- 
geal mucous membrane chilling and rewarming the body surface 
are shown Text-fig. composite graph seven experiments. The 
sites application were all the postnasal space, five instances 
3.3 cm., one 2.8 cm., and one 3.7 cm. above the posterior margin 
the soft palate the position taken during nose breathing with 
mouth closed. Four different subjects were used. The points selected 
for averaging and graphing are the same those for except 
that that part the nasopharyngeal composite which shows 
recovery after rewrapping the skin point synchronous with the point 
maximum mucous membrane recovery, and the mucous membrane 
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point synchronous with the point maximum skin recovery, are 
also included. 

The mucous membrane temperature depression with chilling was 
1.2°C., that the skin 1.6°C. Recovery, measured from minimal 
points with chilling maximal points after rewrapping, was 0.9°C. 
(75 per cent) for mucous membrane, 1.5°C. (94 per cent) for skin. 
The mucous membrane the nasopharynx, then, like that the 


Time in minutes 


Temperature in: 


Nasopharyngeal reactions chilling and rewarming. Tem- 
peratures skin and mucous membrane postnasal space; composite graphs 
Experiments 10, 11, 12, 13, 14, 15, and 16. 


oropharynx, and palate, has shown somewhat less tendency than the 
skin the forehead recover its normal blood supply upon rewarm- 
ing after chilling. 

borne mind that these observed temperature depres- 
sions with chilling are somewhat larger than local vasoconstriction 
alone would make them; direct cooling contributed the skin fall 
explained above, and lowering the temperature the respired air 


Resp 
A 
Skin 


diminished blood supply and shrinkage the nasal mucous mem- 
brane with chilling must have contributed the temperature fall 


Time minutes 


Resp. deep, wrapped; 


amyl nitrite 


Temperature in 


Reactions chilling, rewarming, and amyl nitrite. Tem- 
peratures skin and mucous membrane postnasal space, Experiment 10. 
skin applicator readjusted; respiration had for several minutes been less deep 
than control; deepened; shivering begins; has been shivering since started; 
starts inhaling amyl nitrite; face flushing; stops inhaling momentarily; 
throws away nitrite ampule; flushed; subject feels neither warm nor 
cool. 


$72. 10 20 40 50 60 80 
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the nasopharyngeal mucosa. The latter factor will further dis- 


Experiment 10.—Subject J.C. McK. July 1920, 2.48 4.07 p.m. 
cation posterior nasopharyngeal wall, 3.3 cm. above posterior margin soft 
palate. Room temperature 19.2-20.3°C. 


low threshold for the chilling vasoconstrictor reflex the naso- 
pharyngeal mucous membrane, just with that the nasal cavity, 
shown Experiment (Text-fig. 9). Unwrapping the subject 
the room temperature more than 19°C. was followed fall 


Time in minutes 
° 1o 20 40 50 60 


Resp. wrapped 


Resp. deep, wrapped 
Resp. deep; chilled 


Resp. deep; wrapped; 
amyl nitrite 


& 


10. Reactions graduated chilling, rewarming, and amyl 
nitrite. Temperatures skin and mucous membrane postnasal space, Ex- 
periment 11. sw, swallows; respiration uncontrolled for about minutes; 
probably diminished; mr, slight movement pharynx; respiration diminished 
for about minute; sh, pain site application; begins shivering; still 
shivering; fan slows down; shivering; fan still faster; shivering; muscular 
contraction pharynx; begins amyl nitrite inhalation; swallows five times; 
face flushing; stops inhaling; swallows twice; swallows three times; pain 
site application; swallows twice; swallows; shivering. 
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1.1°C. the mucous membrane curve, only very small (0.15°) 
and transitory depression that the forehead. Recovery and amyl 
nitrite reactions are characteristic. 


Experiment 11.—Subject July 12, 1920, 10.30 11.41 a.m. Appli- 
cation posterior nasopharyngeal wall, 3.7 cm. above posterior margin soft 
palate. Room temperature 16-17°C. 


Skin and mucous membrane temperatures Text-fig. show step- 
like depressions corresponding the gradations chilling. Inter- 
ruptions the mucous membrane fall 0:29 sk) and 0:67.2 (f) 
are synchronous with sensation pain the site application and 
are doubtless due movement the applicator tip against the naso- 
pharyngeal wall, which may cause slight rise temperature the 
thermopile tips, mechanically, merely pressing them more firmly 
against the mucous membrane, and the irritation causing local 
vasodilation. The latter probably much the more important factor. 
The amyl nitrite rise very pronounced each curve, 2.45°C. for 
mucous membrane and 1.55°C. for skin. 


Experiment 12.—Subject July 16, 1920, 10.20 Ap- 
plication posterior nasopharyngeal wall, 3.3 cm. above posterior margin 
soft palate. Room temperature 18.2-19°C. 


Time minutes 


Resp. deep, wrapped; 
nitrite 


Temperature in 


11. Reactions chilling, rewarming, and amyl nitrite. Tem 
peratures skin and mucous membrane postnasal space, Experiment 12. 
begins shivering; subject’s back moistened; face flushing; swallows twice; 


can feel applicator against posterior pharyngeal wall; sw, swallows; flush 
fading. 
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The temperature depressions with chilling Text-fig. are char- 
acteristic. The recovery curves are interest ascending each 
case slightly above control level. One other instance among the 
eight completed® nasopharyngeal experiments showed return 
mucous membrane temperature control level with rewarming; 
the other six experiments recovery was incomplete. The negative 
nitrite reaction Experiment the only one the nasopha- 
ryngeal series. 

Demonstration that Local Decrease Blood Supply Underlies Ob- 
served Depression Nasopharyngeal Surface pos- 
sibility arose our minds that the observed depression tempera- 
ture the mucosa surface the postnasal space consequent upon 
chilling the body surface might merely secondary result the 
widening the airway the nasal cavity and consequent loss effi- 
ciency warming the air passing through the nasal cavity into the 
postnasal space. obviously highly improbable priori that the 
reflex reaction vasoconstriction and ischemia, the presence which 
has been demonstrated the mucous membranes contiguous above 
and below the nasopharynx, that the nose, oropharynx, and pal- 
ate, should lacking the postnasal space. Nevertheless, was 
considered worth while exclude this possibility definite experi- 
mental analysis, and this has been done the three following sets 
observations. 

(1) More than doubling the depth respiration caused less depres- 
sion nasopharyngeal mucous membrane temperature than did chil- 
ling the body surface. the other hand, smaller increase depth 
respiration was followed fall the temperature the air 
the postnasal space more than three times great that which 
followed chilling the body surface. (2) two parallel sets experi- 
ments, one with application upon the nasopharyngeal and one upon 
the oropharyngeal mucous membrane, mucosa temperature depression 
with chilling was somewhat greater the nasopharynx. The skin 


There are the nasopharyngeal series also one experiment which tem- 
perature depression occurred with chilling but the experiment terminated before 
rewrapping, and three experiments which the usual reaction chilling was 
masked, presumably due the local vasodilation occasioned trauma from 
ill fitting applicator. 
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temperature fall, the other hand, was somewhat greater the oro- 
pharyngeal set, indicating more severe chilling that set. But 
has been demonstrated former experiments which the passage 
air currents from the nose into the throat was blocked plugs the 
nostrils, and which the subject breathed through the open 
that the oropharyngeal mucous membrane temperature depressed 
with chilling because local diminution its blood supply. The 
inference that the nasopharyngeal temperature fall must also, 
least considerable part, consequent upon local vasoconstriction 
(3) The depression the temperature the nasophar- 
yngeal mucosa with chilling the body surface has been greater than 
the fall temperature observed under similar conditions the air 
the postnasal space. the mucosa depression were merely the 
effect cooler air current passing over from the nasal cavity, the 
fall air temperature would have considerably greater than that 
the mucosa surface cooled it. 

The evidence summarized above may now given somewhat more 
detail. 


(1) For each the seven experiments the nasopharyngeal composite, meas- 
urement was made the amplitude excursion the pneumograph levers 
the respiration record. Twenty thoracic and twenty abdominal respirations were 
measured before, and like number after the change from normal deep respi- 
ration. The result showed average increase respiratory amplitude 143 
per cent; the rate respiration was kept constant. mucous membrane tem- 
perature depression which followed this increase more than double respiratory 
depth amounted only 1°C., whereas the mucosa temperature fall with chilling 
was 1.2°C. 

the contrary, consideration the two experiments which the temperature 
the air the postnasal space was followed, shows one respiratory increase 
per cent, causing fall air temperature 1.4°C. (see Text-fig. 15) and fol- 
lowed fall, with chilling, 1.3°C.; the other there was increase respi- 
ration 191 per cent with corresponding air temperature depression 
followed temperature depression all with chilling. The average shows 
increase respiratory amplitude 119 per cent producing depression 
the temperature the air the postnasal space 2.2°C., and chilling the body 
surface producing depression only 0.6°C. (see Text-fig. 14). 

The method used for estimating change respiratory volume are aware 
not precise one, but believe the results sufficiently accurate justify the 
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conclusion which draw from them; namely, that the cooling the air cur- 
rent from the nose into the postnasal space incident upon chilling the body sur- 
face means sufficient explain the observed fall the surface tempera- 
ture the nasopharyngeal mucosa, and that some local change, local diminu- 
tion blood supply, necessarily implied. 

(2) The responses the mucous membranes the nasopharynx and the 
oropharynx, under similar experimental conditions, chilling and rewarming 
are shown Text-fig. was made the nasopharyngeal group 
3.3 cm. above the posterior margin the soft palate each three subjects. 
For the oropharyngeal group application was made upon the posterior pharyngeal 
wall just below the posterior margin the soft palate each the same three 
subjects. Experimental conditions were made much alike possible the 
two sets, except that chilling was little more severe the oropharyngeal experi- 


ments. The values averaged and plotted the composite curves are the same 
for Text-fig. 


Time in minutes 


Resp. normal; 


Resp. deep; wrapped 


deep, chilled 


Tempe eature in °C 


12. Comparison reactions nasopharynx and oropharynx 
chilling and rewarming. (1) Temperatures skin and mucous membrane 
postnasal space; composite graphs Experiments 14. (2) Tempera- 
tures skin and mucous membrane oropharynx; composite graphs Experi- 
ments 17, 18, and 19. 
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REACTIONS CHILLING. 


Time minutes 


normal; wrapped 
Resp deep; wrapped 
Resp deep; chilled 


Resp deep; wrapped; 
amyl nitrite 


Temperature in 


13. Comparison reactions nasopharynx and oropharynx 
chilling and rewarming. (1) Temperatures skin and mucous membrane 
postnasal space, Experiment 13. respiration has been gradually growing 
shallower; changes deep respiration; respiration slightly too shallow; deep- 
ened; sh, starts shivering; subject pushes mucous membrane applicator back 
that can feel touching posterior nasopharyngeal wall; face flushing; 
face flushed; flush fading. (2) Temperatures skin and mucous mem- 
brane oropharynx, Experiment 17. sh, starts shivering; cleared throat for 
first time; still feels applicator touching original site; still shivering; has 
been doing ever since started; sw, swallowed for first time; with swallow, 
mucous membrane temperature rose 0.5°C.; face flushed; flush gone. 
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Skin depression with chilling was 1.2°C. the nasopharyngeal set, compared 
with 2.2°C. the oropharyngeal experiments, consequence, presumably, 
the more severe chilling the latter. Yet the corresponding depression tem- 
perature the nasopharyngeal mucosa was 1.25°C., that the oropharynx, only 
1°C. But the oropharynx, mentioned above, had already been shown 
possess the power reacting with vasoconstriction and ischemia chilling. 
then the oropharynx under the influence both cooler air current and local 
diminution blood supply falls temperature only 1°, can hardly sup- 
posed that the nasopharynx would fall 1.25° under the influence cooler 
air current alone, and the implication again that the nasopharynx also must 
suffer decrease blood supply. 

Two the individual experiments which the composite made are 
shown Text-fig. 13. 

Experiment 13.—Subject July 1920, 11.17 a.m. 12.42 p.m. 
Application posterior nasopharyngeal wall, 3.3 cm. above posterior margin 
soft palate. Room temperature 18.5-19°C. 

Experiment 17.—Subject July 10, 1920, 9.05 10.38 a.m. Appli- 
cation posterior oropharyngeal wall, just below posterior margin soft palate. 
Room temperature 

Experiments and are characteristic their temperature depressions with 
chilling, partial recoveries with rewarming, and sharp rises with nitrite. 
The skin depression the nasopharyngeal experiment 1.65°C. and that the 
oropharyngeal experiment 3.2°C., contrasted with corresponding mucous 
membrane temperature falls 1.7° the nasopharynx and 1.2° the oropharynx. 

(3) Variations the average temperature the air the postnasal space are 
shown Text-fig. curves are composite two experiments under 
conditions closely similar could make them those the series graphed 
Text-fig. 12, and with two the same subjects. The values averaged and 
plotted are usual the first and last readings the experiment, the points imme- 
diately before and after each change conditions, and the points maximum 
response changed conditions. this graph, however, the skin points syn- 
chronous with mucous membrane minimum and maxima and the mucous 
membrane points synchronous with skin minimum and maxima are included. 
The response nitrite also shown. 

The thermopile tips were held the air the postnasal space binding them 
upon the anterior side the vertical arm the nasopharyngeal applicator with 
the vertical arm 3.3 cm. length, bending this arm slightly forward, and pre- 
venting its touching the posterior nasopharyngeal wall small pad 
adhesive plaster its posterior surface. With each respiration the 
galvanometer reading usually swung through from mm., falling with 
inspiration and rising with expiration, and the observer tried take the mean 
value his reading each case. The difference thus indicated 
between the temperatures inspired and expired air is, because the lag the 
apparatus, probably considerably less than the actual difference. 


REACTIONS CHILLING. 


Time in minutes 


Resp. normal;wrapped 
Resp. deep; wrapped 
——— Resp. deep; chilled 


Resp. deep; wrapped; 
amyl nitrite 


14. Effects deepened respiration, chilling, rewarming, and amyl 
nitrite. Temperatures skin and air postnasal space; composite graphs 
Experiments and 21. 


Time in minutes 


Resp. normal; wrapped 
Resp. deep; wrapped 
Resp. deep; chilled 


Resp. deep; wrapped; 
amyl nitrite 


Temperature 


15. Effects deepened respiration, chilling, rewarming, and amyl 
nitrite. Temperatures skin and air postnasal space, Experiment 20. 
sh, starts shivering; still shivering; face flushing; face flushed. 
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The skin temperature depression with chilling shown Text-fig. 1.1°C., 
almost equal the fall 1.2°C. the comparable series Text-fig. 12. The 
maximum depression the temperature the air the postnasal space, however, 
only 0.6°C. contrasted with fall 1.25° the temperature the mucosa 
surface the postnasal space. Mucosa cooling once more, then, cannot 
explained merely air cooling, which sufficient cause would have 
several times great. 

Experiment 20.—Subject July 20, 1920, 1.18 2.42 Ther- 
mopile tips air postnasal space, 3.3 cm. above posterior margin soft 
palate. Room temperature about 20°C. 

shows one the two individual experiments from which the 
composite graph Text-fig. made. The fall air temperature shown 
here 1.3°C., twice that the composite. The composite value almost 
undoubtedly too small because the averaging Experiment 
which air temperature depression with chilling was observed. The failure 
the air current cool all Experiment not know how explain 
unless there was very slight decrease respiratory amplitude synchronous with 
chilling, hypothesis which study the respiration record leaves uncertain, 
since the excursion the thoracic lever became slightly less and that the 
abdominal lever slightly greater when chilling began. Upon rewarming 
Experiment air temperature rose 0.8°C. minutes, thus agreeing with the 
theoretical expectation. 

Text-fig. probably represents more nearly than the composite Text-fig. 
the true picture changes the temperature the air the postnasal space 
due deepened respiration, chilling, rewarming, and 


Local Differences the Reflex with Slight Cutaneous 
Chilling. 


The chilling caused completely disrobing the very warmly 
wrapped subject room the temperature which was slightly below 


ordinary room temperature seems have been close the 


interesting instance, presumably due decreased blood supply and 
shrinkage the nasopharyngeal mucous membrane response cutaneous 
chilling, occurred July, 1920. The father one us, Dr. M., had been 
troubled with chronic inflammation the nasopharyngeal mucous membrane, 
and June, 1920, had the mucous membrane cauterized. The swollen mem- 
brane the site cauterization for some time thereafter occasion occluded 
the opening the left Eustachian tube. Coming from the golf links one 
very hot day, had the congested feeling his left ear indicative Eustachian 
occlusion. Upon getting into cold shower bath, the feeling congestion 
promptly disappeared. 


. 
= 


REACTIONS CHILLING. 


"Do "De 


: 
a 


MUDD, GOLDMAN, AND GRANT 


” ” 
” ” 
” 


” 


”? 


” 


9 at) ” ” 
9 ‘0 ” 


T ” ” ” 


*(ayeul 


value stimulation requisite bring about reflex peripheral vasocon- 
striction, and has been possible this means demonstrate 
difference between the threshold the vasoconstrictor reflex the 
skin the forehead the one hand, and the skin the base the 
neck and the mucous membranes the nose, throat, and palate 
the other. Such mild chilling caused vasoconstriction and depression 
superficial temperature the skin the supra- and infraclavicular 
and the mucous membranes the palate, tonsil, oropharynx, 
nasopharynx, and nasal cavity. fifteen experiments which its 
effect the skin the forehead has been observed, the other 
hand,a slight rise temperature three instances, rather than fall, 
was observed the interval during which the subject was unwrapped 
but not exposed the draft the fan; the other twelve experi- 
about half the relation between temperature fall and unwrap- 
ping was uncertain, and the slight depression observed may have 
been due accidental variation; the remainder the temperature 
fall seemed clearly referable the slight chilling, but was very 
small, Under the stronger stimulation chilling with 
the fan the forehead showed clear-cut vasoconstriction. 

quite probable that the figures given Table for mucous 
membrane temperature fall the palatine-oropharyngeal group, are 
somewhat larger than they should be; these experiments were per- 
formed before realized that the involuntary deepening respira- 
tion with chilling necessitated careful respiratory 

single not included Table but the results 
which seem sufficiently clear-cut warrant acceptance, was performed 
1918 with one thermopile the normal skin the thorax and the 
second upon the scar the site breast amputation performed 
about months previously. The subject was chilled merely 
unwrapping from the waist room temperature 
16.35°C. The scar temperature fell 1.8°C., the skin temperature 
2.6°C. minutes. 

From the above data seems safe conclude that the threshold 
the vasoconstrictor reflex response chilling distant cutaneous 


Mudd and Grant,! Experiment 25, 94, and Fig. 14, middle curves. 
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area higher for the skin the forehead than for the skin the cov- 
ered portions the trunk and the mucous membranes the nasal 
cavity, postnasal space, throat, and palate. 


Local Differences the Recovery Blood Supply upon Rewarming 
after Chilling. 


Skin and mucous membrane blood supply diminished the sites 
studied quick reflex response sudden cutaneous chilling, and 
increased prompt response rewarming. But the recovery 
blood supply has not typically been complete any the mucous 
membrane sites studied except the palatine tonsils. Two questions 
remain therefore answered: (1) what degree blood supply 
fairly promptly restored the several sites under consideration? (2) 
What the duration after cessation chilling the ischemia the 
mucous membranes? 


perhaps worth enumerating instances the difficulties which beset 
attempt answer these questions and make offer conclusions with extreme 
diffidence. can never perfectly certain that the conditions application 
the thermopile tips are identical before chilling and during rewarming half 
hour more later. Although the respiration charts are kept and studied, 
impossible sure that the respiratory ventilation the mucous membranes 
remains constant within sufficiently narrow limits make temperature differ- 
ences one- two-tenths degree, separated long interval time, 
significant. was impossible rewrap the subject precisely had been 
wrapped before the experiment. Superficial temperature and vasomotor tone 
not run precisely parallel over such long intervals time are here under con- 
sideration. The variability degree recovery among the experiments 
such that much more data than are available would have accumulated 
order form basis for precise quantitative conclusions. Finally, cannot 
sure just what degree such fine details reaction are now under consid- 
eration, duplicate, under experimental conditions, reactions they would occur 
under natural conditions. 


However, possible, with the above reservations always mind, 
from analysis the available data derive mathematical expression 
which expresses some degree satisfactorily the relative tendencies 
skin and mucous membranes recover their blood supplies upon 
rewarming after cutaneous chilling, and this done Table II. 


Recovery Blood Supply Various Sites upon Rewarming after Chilling the Body 
Surface. 
Recovery index 0.42 
Recovery index 0.64 
Recovery index 0.84 
Recovery index 1.66 


Interpreted 1918 experimental error; now regarded probably repre- 
senting true reaction hyperemia. 
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TABLE 


binate. 
tus. 
binate. 
tum. 
binate. 
tus. 
binate. 


Recovery index 0.92 


all the experiments Table respiration was controlled and the 
site skin application was the forehead. From the data tabulated 
the percentages skin and mucous membrane recovery are readily 
computed, and from these the recovery index according the follow- 
ing formula: 


Mucous membrane recovery 


Mucous membrane fall percentage mucous membrane recovery 
Skin recovery percentage skin recovery 
Skin fall 


The “recovery index” thus expression the tendency the 
mucous membrane recovery its blood supply referred that 
the skin taken unity, and least eliminates considerable degree 


effects due chance differences the rewrapping the subjects, 
and alterations general blood temperature and pressure. 

Even though bear mind, then, all the reservations above, 
believe that study Table necessitates again the conclusions 
which reached from these and other data and again 
namely, that palate and oropharynx have our experiments 
exhibited considerably less tendency than the skin regain their blood 
supply rewarming after chilling, and remain for some time least 
somewhat ischemic; and that the palatine tonsils have exhibited 
greater tendency than the skin recover blood supply after cessation 
chilling, and several instances have become actually hyperemic." 
The nasopharynx and nasal cavity, although the available data are 
hardly sufficient conclusive this point, seem occupy 
intermediate position, and have, the average, exhibited only little 
less tendency than the skin recover blood The skin has 
sometimes regained little more than its control blood supply, some- 
times little less; the average has returned about control 
conditions; its temperature recovery for the experiments tabulated 
has been per cent. 

Only few experiments have been sufficiently prolonged after 
rewrapping throw much light how long the mucous membranes 
may remain ischemic. The following experiments (Table II) are 
probably most significant this respect. 


Experiment (1920), nasopharynx (Text-fig. 13); maximum normal tem- 
perature recoveries per cent for mucous membrane and per cent for 
skin, reached minutes from the time rewrapping. Temperatures were 
elevated nitrite, but thereafter returned about the levels indicated. 
Duration experiment after cessation chilling, 42.5 minutes. Recovery 
index 0.71. 

Experiment (1920), oropharynx (Text-fig. 13); maximum normal tempera- 
ture recovery per cent for mucous membrane, reached 22.5 minutes, 
and per cent for skin 24.5 minutes. Rise with nitrite; return there- 
after about levels indicated. Duration after cessation chilling, minutes. 
Recovery index 0.43. 


Grant, Mudd, and 93. 

This reaction tonsillar hyperemia with warming has also been found 
Azzi (Azzi, A., Riforma med., 1921, xxxvii, 175) experiments which 
repeated, confirmed, and extended our studies upon the tonsils. 
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Experiment (1920), oropharynx; maximum temperature recovery 
per cent 38.5 minutes for mucous membrane, and per cent min- 
utes for skin. Duration after cessation chilling, 47.5 minutes. Recovery 
index 0.79. 


seems probable that slight loss body heat after cessation 
may have accounted part for the failure the tempera- 
tures rise higher, but this should affect skin and mucous membranes 
practically equally and could not account for the low recovery index 
the mucous membranes. 


DISCUSSION. 


Tschalussow!® inserted tube, wrapped with vaseline-soaked cotton and con- 
necting with tambour, into his anterior nares, and packed his posterior nares. 
With his nose thus acting plethysmographic chamber, studied the effect 
various stimuli, follows: (1) insertion the legs half-way the shin water 
18°C.; (2) immersion water (3) electric stimulation; (4) needle 
pricks; (5) scratching the skin the lower extremity. All the stimuli resulted 
essentially one effect—contraction the nasal vessels. The most clear-cut and 
constant effects were given the cold water. 

has tabulated the reflex effects chilling and the reactions adren- 
alin administration upon the various organs within the motor distribution the 
true sympathetic nervous system and finds the two, qualitatively least, practi- 
cally identical. Although have made attempt study adequately the 
reaction the mucous membranes adrenalin, the one instance which was ob- 
served and recorded 1918?° showed transient fall 2°C. the temperature 
the palatine mucous membrane dog with adrenalin, and the rapid loss 
bedy heat the anesthetized animals was temporarily checked adrenalin 
injection, doubtless due part cutaneous vasoconstriction. Further study 
would probably confirm this reaction mucous membrane ischemia with adren- 
alin, since the vasoconstrictor fibers for the head are contained the cervical 
sympathetic The reactions cutaneous chilling have demonstrated 
thus constitute one more illustration the reflex stimulation the motor ele- 
ments the sympathetic system through chilling the body surface. 


Mudd and Grant,! 66. 

Tschalussow, A., ges. Physiol., 1913, cli, 540. 

Schade, H., ges. exp. Med., 1918-19, vii, 355; Miinch. med. Woch., 1919, 
Ixvi, 1021. 

Mudd and 60. 

A., Text-book physiology, Edinburgh, 1900, ii, 141. Nagel, 
W., Handbuch der Physiologie des Menschen, Braunschweig, 1909, iv, 405. 


The relation this work the excitation upper respiratory infection has 
been fully discussed and will not consider here beyond reaffirm- 
ing our belief the probability the hypothesis that the mucous membrane 
ischemia incident prolonged excessive chilling, especially combined with 
overfatigue loss sleep other cause lowered resistance, may mediate 
infection the indigenous pathogenic 


SUMMARY. 


Devices are described means which the terminals thermopiles 
may held stable apposition with the mucous membranes the 
nasal cavity and postnasal space and local temperature variations 
thus followed. 

Chilling the body surface has without exception caused depres- 
sion the temperature the nasal mucosa surface, amounting 
some instances much 6°C., and indicating marked reflex 
vasoconstriction and diminution blood With rewrapping, 
partial recovery blood supply promptly occurs, although recovery 
has been incomplete within the duration the experiments ten 
twelve instances. 

Application the wires within the nasal cavity has usually caused 
pain and discharge clear mucus, sometimes also lacrimation and 
sneezing. The rhinorrhea has occurred both the side directly 
irritated and the opposite side, although the former more abun- 
dantly, and has apparently been little all affected the dimin- 
ished blood supply and shrinkage the mucous membrane incident 
chilling the body surface. Discharge from the nose has been 
most rare occurrence experiments which the nasal mucosa was 
not directly irritated. 

The temperature the nasopharyngeal mucosa surface has also 
been depressed, typically between and 2°C., with chilling the 


Mudd, S., Grant, B., and Goldman, A., Lab. and Clin. Med., 1921, 
vi, 175, 253, 322; Ann. Otol., Rhinol. and Laryngol., 1921, xxx, March number. 

chilling our studies has always been sudden. Under circumstances 
which very gradual, for instance when person sleeps bedroom the 
temperature which falls slowly through the night, Dr. Shattuck has sug- 
gested one us, should expect less vasomotor reaction and less disturbance 
the normal distribution the blood. 
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body surface. This depression has also been shown have local 
reflex vasoconstriction and ischemia its basis. With rewrapping, 
prompt return toward normal occurs, but here also recovery blood 
supply has the majority instances not been complete within the 
duration the experiments. 

The thresholds the chilling vasoconstrictor reflex the mucous 
membranes the nasal cavity and postnasal space, tonsil, oropharynx, 
and palate and the threshold the reflex the skin the trunk 
have been found lower than the threshold the like reflex 
the skin the forehead. the warmly wrapped subject 
room little below ordinary room temperature has been found 
sufficient cause marked vasoconstriction the sites the former 
group, but only slight vasoconstriction the forehead. 

number instances cold sore throat occurred among the 
subjects the experiments, several instances correlated with 
somewhat interesting bacteriologic findings which will described 

pleasure thank the friends whose aid subjects 
has made the present study possible. 


Goldman, A., Mudd, S., and Grant, B., Infect. Dis., 1921, xxix (in press). 
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THE CONCENTRATING ACTIVITY THE GALL 
BLADDER. 


PEYTON ROUS, M.D., PHILIP McMASTER, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, February 


The experiments here reported were undertaken the result 
observations upon stasis bile collected after ligation the common 
duct. The accumulation pigment such bile seemed 
indicate that some part the duct system possesses concentrating 
faculty considerable moment for pathological processes. 


current knowledge that bladder bile normally thicker than the secre- 
tion comes from the liver. The point finds brief mention text-books. 
But the significance accorded may judged from the fact that for quantita- 
tive studies the bile from day day the gall bladder regularly utilized 
link the fistulous channel connecting the hepatic duct with the body surface. 

Maly! states that liver bile from the dog has 3.5 4.9 per cent dry sub- 
stance, and that from the bladder over per cent. The latter fluid, according 
Hoppe-Seyler’s analyses which are quoted Maly extenso, yields far the 
greater quantity bile salts. found per cent solids the fis- 
tula bile human beings, and much per cent the bladder contents. 
mucinous nucleoprotein added the bladder. probable that this organ 
empties itself only partially upon contraction, and the secretion may remain 
sort backwater acted upon over long periods time. Because 
uncertainty regards these matters, comparative analyses such those just 


given bear but obliquely the the the changes undergone 


the bile. 


the present paper shall deal solely with the influence the 


gall bladder upon the bile, reserving for accompanying one the 
influence the 


Maly, R., Hermann, L., Handbuch der Physiologie, Leipsic, 1881, pt. 
172. 
Brand, J., Arch. ges. Physiol., 1902, xc, 491. 


Hammarsten, O., Lehrbuch der physiologischen Chemie, Wiesbaden, 8th edi- 
tion, 1914, 411. 


P., and McMaster, D., Exp. Med., 1921, xxxiv, 75. 


CONCENTRATING ACTIVITY THE GALL BLADDER 


Method. 


constitution supplied through the normal channels intact 
gall bladder the animal’s own liver. practicable the dog 
owing the arrangement the ducts. means single 
ligature appropriately placed, type sample bile can diverted 
for separate collection, while the remainder flows the bladder. 


The best method study will one whereby bile known 


The common duct the dog formed rule the union three large 

channels, and high into the middle one the gall bladder empties. That 

the right hand derived from the caudate and right lateral and central lobes. 

its entrance few centimeters above the duodenum the common duct finally 

formed, the other channels uniting much nearer the liver. their derivative 

duct tied just above where this final duct enters, all the bile from the major 

portion the hepatic tissue pent and directed into the gall bladder, whereas 

the secretion from the caudate and right lateral lobes still reaches the common 

duct and may collected through cannula. Here, essence, the plan 

our experiments. 
Owing duct anomalies, the partition bile effected ligature placed 

described may vary considerably. have made careful dissections autopsy, 

tracing out each duct and ultimately determining weight the amount 

tissue delivering bile either side the ligature. The liver the dog 

deeply cleft that usually this can done accurately. But when single lobe 

has ducts running both sides the ligature, not infrequently happens, the 

partition the tissue can only approximately learnt. 
Vigorous dogs with wide costal angle were chosen. Under ether, sufficient 

dissection was made tie small glass cannula into the common duct and 

place higher the essential, partitioning, ligature, shall henceforth 

term it. our first attempt considerable segment duct was freed and the 


gastrohepatic omentum subjected trauma, with result that almost bile 
was secreted the hours immediately following. Warned thereby, 
handled the tissues the later animals with great circumspection and met 
other instances the sort. 


The bile taken type sample the liver output was collected into rubber 
balloon which was connected with the common duct short cannula and 
soft rubber tube cm. long and about mm. bore. The cannula was 
bound down into line with the duct—which was merely slit, not severed—by 
thread about its shank and the lower duct portion, and thus obstruction from 
kink elbow was rendered unlikely. The balloon was left within the peritoneal 
cavity, and the abdominal wall closed completely three layers. Asepsis was 
maintained throughout. The dogs bore the operation well, and remained 
excellent condition throughout the term experiment which was usually 
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Often the animals ate largely soon after operation. All were ultimately 
chloroformed and immediately autopsied. Cultures were taken the bile 
specimens, and pieces liver from the regions separately drained were placed 
agar and bouillon. Infection was rare, despite the fact that the bile accu- 
mulated body heat. Its occurrence noted the tables. 

The pigment content the bile was used the index concentration the 
bladder. The sojourn the bile for some hours the temperature the ani- 
mal was found repeated vitro test without effect the pigment, 
save for the conversion negligible portion into biliverdin when air was pres- 
ent. prevent this change was only necessary deflate completely the 
collecting balloons prior their introduction. Routine colorimetric estimations 
were made Hooper and modification the Salkowski method, 
whereby bilirubin and biliverdin are estimated together; but instead color 
wedge artificial constitution, have employed standard pure bilirubin, 
and place the Autenrieth instrument, Duboscq micro-colorimeter. The 
bilirubin (Schuchardt) was chloroform solution, mg. every cc.; and, 
prepare standard, cc. this was made volumetric flask cc. with 
Hooper and Whipple’s acid alcohol, and allowed stand hours room 
temperature, when the characteristic blue-green color described these authors 
was found have developed. biles were treated likewise save that cc. 
was made cc. with the alcohol. The bladder contents was often con- 
centrated necessitate some preliminary dilution with water. 

Bile treated with the acid alcohol did not always through the same color 
changes. Often the tint ultimately developed for the readings tended somewhat 
the green, compared with the standard, again was pronouncedly more 
blue. The normal bladder bile removed operation frequently yielded gamut 
time read against the standard. This never happened with specimens obtained 
after operation. Fortunately for our work, the biles obtained from different 
portions one liver during the same period always went through identical color 
changes and consequence could accurately compared; while such 
errors quantitation were involved reading them against standard 
different tint were applicable them like degree. The results given our 
tables are expressed milligrams bilirubin save for six early instances, 
which the standard proved faulty. For them “color units” are employed instead. 
But “color units” could have been used report the findings throughout, since 
the main significance these latter lies relativenot actual pigment quantity. 

For standard the early experiments, chloroform solution containing 
only mg. bilirubin per 100 cc. was employed, the stock solution advocated 


Hooper, W., and Whipple, H., Am. Physiol., 1916, xl, 332. 

Hoppe-Seyler, F., Hirschwald, A., Handbuch der physiologisch- und 
pathologisch-chemischen Analyse, fiir Aerzte und Studierende, Berlin, 8th edi- 
tion, 1909, 371. 
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van der Bergh and connection with the diazo reaction. meas- 
ured portion was dried the water bath and the residual pigment taken 
acid alcohol. But dissolved with troublesome slowness, and furthermore 
the chloroform solution itself, after month two room temperature, became 
greenish and much weaker shown the lessening color response with both 
acid alcohol and the diazo With concentrated stock solution having 
mg. for every cc., and kept the ice box, the loss pigment within months 
negligible. can followed the colorimeter comparison the acid 
alcohol standard made from with mixture cc. copper sulfate solution 
(10 gm. 100 cc. water) and 0.075 cc. potassium bichromate solution gm. 
100 cc. water). Indeed, inorganic standard the sort described will 
probably prove best the long run for routine colorimetric purposes. Slight 
alterations the amount bichromate suffice turn the color toward the blue 
green without essentially altering its value. 


Control Observations. 


The plan just outlined could useful for our project only the 
assumption that the bile from different liver regions has approximately 
the same pigment content per cubic centimeter. This cannot 
taken foregone conclusion, for other reason than because 
the individual liver lobes receive portal blood from different visceral 
sources number workers have determine the 
actual case was our first step. 


six animals the neck the gall bladder was tied off and the contents the 
organ was removed aspiration. partitioning ligature was then placed 
upon the main duct usual and, just above, cannula connecting with 
rubber balloon was inserted for collection the bile that later experiments was 
flow instead the bladder. The usual sample bag was then connected with 
the common duct and the laparotomy wound closed. Some the animals were 
full fed the time operation, while others had fasted for hours. All had 
access food afterwards, but general only those took within the first 
hours that had previously been denied. factor was without notable influence 
the result, the table shows. 

The liver regions supplying the two bags varied considerably from animal 
animal because differences the duct arrangement. two the six instances 
more tissue was tributary the sample bag than upper one. 


der Bergh, H., and Snapper, J., Deutsch. Arch. klin. Med., 1913, 
cx, 540. 

For note the changes bilirubin kept chloroform see Oppenheimer, 
C., Fischer, G., Handbuch der Biochemie, Jena, 1909, 731. 


Bartlett, K., Corper, J., and Long, R., Am. Physiol., 914, 
xxxv, 36. 
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The table results (Table has been arranged with reference 
the question whether the bile the sample bag gives any index 
the pigment concentration that elaborated the rest the 
liver. will seen that this question answered the affirmative. 
The “‘bile strength,” that say the pigment per cubic centimeter, 
nearly the same for both portions secretion, despite wide 
variations from animal animal the total fluid output and its 
bilirubin content (compare Experiments and 5). weighty 
point for means that the later work the bile strength can 
used gauge the concentration effected the gall bladder. 

The actual fluid the upper bag and the calculated amount 
determined from knowledge the quantity the lower, 
sample, bag and the relative pigment content the two, assuming 
that there was equal degree concentration, differ but little, 
would follow from the circumstance that the actual bile strengths 
both proved nearly identical. calculation the sort was 
regularly employed the later work gain idea how nearly 
the real amount fluid reaching the gall bladder approximated 
that which should have reached it, judging from the partition the 
hepatic tissue. 


Some marked discrepancies will noted between the actual fluid the upper 
bag and the theoretical quantity worked out from the partition tissue. The 
effect the partitioning ligature could not always exactly ascertained, for 
example, when single lobe possessed ducts draining either side it. But 
this will not suffice explain certain cases. Experiment the rubber tube 
connecting said bag with the duct, being stiffer than ordinary, was autopsy 
found sprung like bow, with one end pressed upon the neighboring portal 
trunk and thus perhaps diverting blood the region tributary the lower bag 
with result more active secretion there. Whatever the cause the other 
discrepancies these had significance for our project. 


The fact may noted passing that four animals out five, 
with the instance Experiment excluded, yielded the upper bag 
bile that was relatively, slightly, richer pigment per cubic cen- 
timeter. This was accident, will shown further on. There 
too, Tables and are data that indirectly corroborate Table 
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Concentrating the Emptied Gall Bladder. 


Observations the bladder were now begun. first series 
experiments the organ was washed with salt solution, and left 
fill with bile normally might fill, assuming that empties 
normal contraction. 


small slit was cut the main bile duct the point where the partitioning 
ligature was later laid on, and, through silk catheter thrust into the 
neck the gall bladder, all bile was withdrawn and the organ washed with 0.9 
per cent salt solution until the rinsings came away uncolored. Due care was 
taken avoid overdistention, and the final emptying was accomplished 
gentle pressure with moist sponges. The catheter was then withdrawn and 
ligatures were placed the duct above and below the slit, close and divert 
the bile, part usual into bag, and the remainder the empty bladder. 

may asked whether the brief washing was effective; for concentrated 
residuum bile such might left clinging next the bladder mucosa would 
certainly complicate the findings. difficulty was experienced this score. 
The wall the bladder translucent, with the color the contents shining 
through, and the efficacy the washing can controlled direct inspec- 
tion. Furthermore, the original bile was retained for comparison with that 
accumulating later the sample bag. Practically always was weak pig- 
ment, relatively one may conclude that any remnant 
bladder bile left after the washing would act, anything, dilute this respect 
the fluid entering later. 

The contents autopsy the gall bladder was always very viscid well 
dark that was removed rinsing with distilled water, and still further 
diluted prior the withdrawal type portion. opening the animal 
clamp was laid the bladder neck prevent any passage secretion from the 
hepatic duct. guide the dilution, the assumption was made that 
much bile had originally reached the gall bladder was called for theoretically 
from the quantity the sample bag and the proportion hepatic tissue supply- 
ing the two; and bladder contents was brought The 
mixture bile and water was shaken repeatedly, allowed stand several hours, 
and shaken again prior the removal cc. for treatment with acid alcohol 
and comparison with standard. The results with duplicate specimens showed 
that even distribution pigment had been brought about. 

all save one this series experiments, and Experiment Table 
pigment values are expressed “color units,” the unit being the amount 
pigment cc. bile from the sample bag. 


The period experiment ranged the five animals from 
hours. our great surprise the gall bladder even the end 
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the longest period held but few cubic centimeters bile, far less 
than the amount necessary for normal distention; while after 
hours, the organ was practically collapsed two out three in- 
stances, yielding only 0.77 and 1.4 cc. fluid, and the third case 
was but half Could one suppose that the hepatic tissue trib- 
utary the bladder had failed secrete usual? had its 
output undergone concentration extent commensurate with 
the The latter proved the case. The dark, syrupy 
tarry, bladder contents had from 3.18 10.8 times the pigment 
strength the fluid the sample bag, with average 7.1 (Table 
The contents the tributary ducts was always contrast 
thin and weak pigment, like the bag bile. There were only 
few drops had from the ducts, too little for colorimeter readings, 
dilutions with water were compared directly with similar dilutions 
bag and bladder biles. Sometimes they were addition tested 
for cholates Hay’s method. The results confirmed the pigment 
findings. 


The Concentrating Power Full Gall Bladders. 


With the gall bladder emptied these experiments its whole 
concentrating influence brought bear upon the secretion arriving 
little little, from the liver. this favorable circumstance lay 
not impossibly one cause our results. determine the real case 
series animals was studied, which the bladders were filled with 
bile known pigment content, before the wash catheter was with- 
drawn. 


The dog bile introduced was collected bags under aseptic conditions 
and kept ice for periods hours. one instance, that the material 
derived from the upper bag Experiment Table proved have been 
infected with micrococcus dubious pathogenicity, and this organism was 
recovered pure culture from the gall bladder into which the bile was put 
(Experiment Table III). concentration was effected the bladder 
this instance than any other the series. 

fill the bladder under known pressure while preventing the escape 
any fluid into the peritoneal cavity, ligature was placed upon the duct con- 
taining the catheter just above the slit its wall, and this was tied down the 
catheter was withdrawn, thus becoming one the partitioning ligatures. The 
catheter itself was connected with sterile funnel containing the bile. The 
pressure column bile 100 mm. high proved just sufficient effect 
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normal distention the bladder. This less than the pressure withstood the 
sphincter Needless say, the tributary ducts shared the pressure 
conditions. Experiment pressure such develops upon duct 
—300 mm.—was used. 


Our expectation was find autopsy marked stasis with dila- 
tation all the passages above the partitioning ligature, owing 
secretion into them more bile than the gall bladder could cope 
with. But the event was quite another. rapidly was fluid with- 
drawn through the bladder wall that the increments hepatic 
secretion proved insufficient most instances hold the organ 
distended. was found nearly collapsed Experiments and, 
while Experiment which alone normal distention was 
observed, its capacity was unusually small, only 3.5 cc. The 
amount bile introduced operation and, less extent, that 
removed furnished for each case approximate measure capacity. 

The inspissating activity gall bladders left distended (Table 
proved little behind that emptied ones (Table II). 
the average the concentration pigment was 6.4 times that 
the bag samples, with range from 3.6 The bile collected 
from the tributary ducts was thin with relatively little pigment, 
showing, the animals with emptied bladders, that the secretion 
had not been elaborated condensed form. greatest concen- 
trations—to bile strengths, 8.1 and 8.9 times that the bag samples— 
were effected during only and hours respectively. The amount 
secretion acted upon these instances calculated from the 
quantities bilirubin bag and bladder and the fluid content 
the former,—assuming both bile portions have had the same pig- 
ment strength originally,—was for the first case 59.8 cc. which was 
reduced 7.4 cc. organ cc. capacity, and for the second 
26.6 cc. brought down cc. bladder holding most 4.3 cc. 


Experiments and the bile introduced operation had previously been 
concentrated 3.5 times—it was the upper bag contents Experiment Table 
and was syrupy with mucus. These changes did not prevent further inspissa- 
tion the bladder pigment strengths and 5.9 times respectively that 
the bag samples. 


Judd, S., and Mann, C., Surg., Gynec. and Obst., 1917, xxiv, 437. 
Herring, T., and Simpson, S., Proc. Roy. Soc. London, Series 1907, 
517. 
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both Tables and will noted that the pigment found the bladder 
frequently fell far short the expected quantity (Table II, Experiments and 
Table III, Experiments and 7). Must one suppose that part the bili- 
rubin reaching the organ had passed out through its wall, was there dimin- 
ished secretion above the partitioning ligature? Certainly pigment can pass the 
mucosa, for has been observed histologically but our observations 
upon the lymph indicate that the quantity thus removed negligible. There 
usually found coursing down the neck the dog’s gall bladder, and 
draining most its extrahepatic portion, large, turgid lymphatic yielding 
fluid quantity when cut. have frequently examined such fluid from gall 
bladders that held heavily pigmented bile. was always practically colorless 
and failed give positive reactions for bilirubin, though occasionally cholates 
were present, shown Hay’s test. The direct passage pigment into the 
blood stream cannot ruled out, but seems unlikely view these findings. 

There remains the alternative locally diminished secretion. The condi- 
tions some cases would seem have been highly favorable this. The gall 
bladder these instances was found autopsy nearly collapsed, and 
bound down fresh adhesions between the adjacent liver lobes that its redis- 
tension could scarcely have been brought about the normal secretory pressure. 
Under these cirsumstances, there may well have occurred stasis the tribu- 
tary ducts periods when secretion the liver provided more fluid than the 
bladder could immediately concentrate. Direct proof this was not obtain- 
able because the necessary observations involved severing the very adhe- 
sions whereby the abnormal state was maintained. But interesting note 
that the total output bile pigment per kilo animal averaged precisely the 
same (11.1 mg. hours, normal amount) for the dogs Tables and III 
with relatively small yield above the partitioning ligature, for those Tables 
IV, and which this was not the case. The fact suggests that whatever 
the cause the small yield above the ligature, resulted merely shift the 
secretory activity with unduly large output the sample bag, and, corol- 


lary, unwarranted expectations what should have been provided the gall 
bladder. 


The Bladder Utilized Duct. 


The partitioning ligature the preceding experiments could not 
relaxed like the sphincter Oddi. Fluid remained pent above 
matter how powerfully the gall bladder may have contracted. 
Here was important departure from the normal; and the question 
arises whether the removal fluid from the bile may not have been 
largely the consequence pressure intermittently exerted the 
bladder wall. For such reason another series experiments was 


Aschoff, L., and Bacmeister, A., Die Cholelithiasis, Jena, 1909. 
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performed which partitioning ligature and sample bag were placed 
usual, but the free tip the bladder was connected cannula 
with second bag. 


The tip the bladder was seized with hemostats and small slit made the 
point where blood and lymph vessels were least abundant. The bile was removed 
aspiration, and the usual flushing with salt solution; and glass cannula with 
trumpet mouth and least inside diameter mm. was fixed place with 
purse string suture. rubber tube the same bore, cm. long, led from 
rubber balloon. autopsy this tube was clamped off soon the 
peritoneal cavity had been opened, prevent the shifting bile either 
direction. 


Four dogs were operated upon. results are given Table 
IV. The new cystic outlet was somewhat larger caliber than 
the normal one, and the most dependent portion the bladder 
which was found practically empty autopsy. The bile, urged 
the secretory pressure and gravity, had evidently run directly 
through, through any other channel the bag, being aided 
two instances postoperative drawing together the bladder 
wall which had much narrowed and shortened the organ. 
theless, the bile that had been submitted proved 2.3 
4.8 times concentrated that the corresponding sample bag. 
view such findings the results Tables and III cannot 
attributed the closed system existing above the partitioning ligature. 


the animals Table the pigment content the upper bag differed but 
slightly from the theoretical amount calculated from the quantity the 
sample bag and the proportion tissue tributary each. this respect the 
findings were nearer perfection than the control series The absence 
any cause for local portal obstruction such was provided the upper 
cannula the dogs Table may have been responsible for this. 


final illustration the concentrating activity, three experi- 
ments originally intended controls will reported, which were 
carried out prior realization the bladder capabilities. ob- 
tain the bile from above the partitioning ligature these instances, 
cannula large bore was thrust through cut the bladder wall 
into the neck the organ and secured there. The duct from the 
right side the right central lobe enters high that there 
often true cystic duct, and order avoid obstruction this 


a 

3 
a 

4 

7 

4 

4 
a 

j 

a 


PEYTON ROUS AND PHILIP McMASTER 


tributary, the cannula was not pushed down its level but left 
tiny pouch bladder mucosa about its mouth. That the 
influence the pouch was far from negligible shown the results. 
The upper bag yielded bile syrupy with mucus and considerably 
richer pigment per cubic centimeter than the thin, sample fluid 
(Table V). 

may recalled that the controls Table the bile from the 
upper bags was generally slightly the more concentrated. Now 
happens that the dog the gall bladder wall extends some 
distance down the duct, the macroscopic character the latter 
being often first evident below the entrance the highest branch 
from the liver. Others have noted this before us. Indeed, both 
the dog and man new gall bladder may develop out the 
remnant bladder mucosa left cholecystectomy that has failed 
include the cystic duct. follows that ligature placed 
the neck the bladder block the organ off, the experiments 
Table may frequently fail some part its function. 
such happening attribute the slightly greater concentration 
most the upper biles Table For, Table demon- 
strates, transient exposure the bile but fraction the blad- 
der wall results reduction its bulk. 


Influences the Ducts. 


For the purposes the present study the duct system proper 
has been deemed without influence upon the fluid conveys. But 
view the great activity the gall bladder, such assumption 
warranted? For practical purposes is, shall show 
accompanying paper. The ducts instead withdrawing fluid from 
the bile tend dilute slightly with watery product their own. 


Peculiar Character the Bile Acted upon. 


such deeply pigmented biles the gall bladder yielded 
the end our experiments are found under normal conditions. 
Normal bladder bile the dog often light yellow, and, most, 


Rost, F., Mitt. Grenzgeb. Med. Chir., 1913, xxvi, 710. Haberer, H., and 
Clairmont, P., deutsch. Ges. Chir., 1904, xxxiii, pt. 81. 
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medium brown tint, whereas that now referred was always dark, 
and frequently brown-black. may recalled that the activities 
the bladder had been brought bear but fraction, and some- 
times small fraction, the total secretion. But this not the 
sum the matter. For quantitation the bag samples showed 
clearly that the liver had furnished abnormal secretion, one 
extremely rich pigment and small bulk. 


The bile healthy dogs has ordinarily from mg. bilirubin every cc., 
and practically never much whereas that our animals contained 
after operation more than mg. per cc. usually, only once less than mg., and 
one instance 6.8 mg. Such plenitude was attained almost wholly the 
expense the fluid output, shown both direct measurement the latter 
and the fact that the total pigment elaborated the liver the hours 
immediately after operation was, anything, only little increased over the 
normal. day day output bile varies greatly, fact that 
has emphasized. gives figures for two dogs weighing kilos which 
show that they secreted about 288 cc. bile per hours, that say slightly 
more than cc. per kilo hour. But the six dogs our Table yielded re- 
spectively and per postoperative hour, amounts that are 
with one exception greatly below Stadelmann’s average. The more indirect 
data the other tables confirm the point thus illustrated. According Stadel- 
mann and Hooper and the normal bilirubin output about mg. 
per pound dog hours, for present purposes 8.8 mg. per kilo ani- 
mal hours. our animals the pigment put forth after operation ranged 
from 13.4 mg. per kilo hours uncomplicated cases, with average 
11.1 mg. The two complicated cases (Experiments Table III and 
Table II) that were left from this computation yielded 7.3 and 15.4 mg. respec- 
tively. 


One cause for the peculiar character the postoperative bile 
once Fasting animals, well known, yield but 
little bile, and this heavily pigmented and with high percentage 
solids. 


dog followed Stadelmann the secretion the first hours after food 
was withdrawn had bulk only half that the period immediately previous and 
second hours less than one-third. The total pigment output, though, 


pigment studies Hooper and Whipple with fistula animals may 
consulted upon this point. 


Stadelmann, E., Der Icterus und seiner verschiedenen Formen, Stuttgart, 
1891. 
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underwent change. The observation will explain many, perhaps all, our 
instances. The food intake our dogs and their water intake well, the 
preliminary and experimental periods together, was far below the normal. 
Nearly all the animals that took food the hours following operation had 
fasted through like period prior it. 


Nature the Concentrating Faculty. 


would highly interesting know the exact composition 
the scanty, dark, postoperative liver bile. For the withdrawal 
fluid from the gall bladder accomplished entirely through 
osmosis and diffusion, and the concentration thus achieved will 
necessarily vary with the bile character. 


Brand? has found that both the hepatic and bladder biles have the the 
blood; and through comparative analyses obtained clear evidence that the con- 
centration effected the bladder comes about the expense the inorganic 
salts which are removed what is, practically speaking, normal saline solu- 
tion. and others confirm this, that they too find less quantity 
inorganic salts bladder bile than liver bile, but correspondingly more 
substances having large molecules. 


The fact that the limit biliary concentration the the blood 
will explain our observation that the gall bladder contents showed 
greater degree inspissation after hours (Experiments and 
Table than after one-third one-half this period (Experiments 
and Table II, and allof Table III). The shifting constituents 
whereby reduction the bile volume comes about takes place 
rapidly (Table IV) that must practically complete within 
few hours. the lack comprehensive analyses, the suitability 
the heavy, postoperative liver bile our experiments for concen- 
tration the gall bladder cannot profitably discussed. But there 
every reason suppose that its limit concentration would 
reached far sooner than that the normal secretion, which is, 
contrast, watery. 

Under the operative conditions have employed, some obstruc- 
tion the passage fluid away from the bladder must not infre- 
quently have been caused. The large lymphatics derived from the 
viscus course close beside the main duct the gastrohepatic omen- 
tum, and the slight dissection required place the partitioning 
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ligature, together with the pull the latter, cannot but have some- 
times compromised such delicate vessels. offsetting this that 
favored resorption fluid may put the preliminary cleansing 
the gall bladder mucosa with salt solution. But the course 
many observations upon normal dogs have only rarely encoun- 
tered mucous layer next the bladder wall. Usually the organ holds 
thin, practically homogeneous syrup, and the mucosa clean. 
That moderate mucus admixture need not greatly hinder concen- 
tration shown Experiments and Table III with secretion 
already rendered syrupy and more than thrice concentrated the 
gall bladder another animal. Taken whole, the conditions 
our experiments were probably rather unfavorable the concen- 
tration bile. 


Bladder Fistule. 


Practically all quantitative studies the bile from day day 
have been carried out fistula animals, with the gall bladder 
link the fistulous system. bile runs from the ligated common 
duct through the gall bladder and out slit its tip which 
sewn fast opening the abdominal wall. Our findings 
Table show that this practice involves great possibilities error 
regards actual bulk the liver secretion, since may much 
reduced transit. Perhaps, though, the bladder wall soon loses 
its concentrating faculty, owing pathological change. Instances 
have been described temporary obstruction fistulous outlet 
which the bladder was found filled, not with inspissated bile, but 
with hydropic the product damaged 
theless, the possibility concentration the bladder must kept 
mind reviewing the data fistula experiments. 


Functions the Gall Bladder. 


There appears little general realization the physiological 
uses the healthy gall bladder which has now become favorite 
surgical trophy. Yet several attested purposes the organ has. 


A., and Miiller, H., Verhandl. physik.-med. Ges. 1856, 
vi, 435. 
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Pawlow’s have shown that intermittent discharge bile takes 
place into the duodenum during the passage chyme from the stomach, but 
ceases with this. Thereafter, until food again taken, only very occasional 
spurt secretion passes the sphincter Oddi—about once hour the 
The first bile expelled into the chyme recognizably bladder bile, being syrupy 
and usually darker than that coming later, though both escape under pressure, 
small spurts jets, short intervals. After cholecystectomy great differ- 
ence observed. Bile dribbles continuously from the ampulla and 
during fasting may fill the duodenum and voided such the 
The disturbance function thus indicated not without bad effect the di- 
gestive masked though this usually is; and Rost has described striking 
anatomical change that common man and the dog after cholecystectomy; 
viz., general dilatation the bile passages. finding has been confirmed 
numerous observers. The dilatation does not occur when the sphincter 
Rost applies the term “biliary incontinence” the contin- 
uous escape secretion into the intestine after removal the gall bladder. 
The incontinence associated with abnormal relaxation the sphincter!® 
which latter, however, frequently recovers its tone duct dilatation 


Such activities are more less directly illustrated these 
facts fall into three categories. The gall bladder acts like dis- 
tensible bag interpolated into rigid system tubes, minimize ex- 
tremes pressure when bile comes rapidly large quantity 
from the liver and its escape into the intestine prevented the 
sphincter. The bag question rendered capacious not much 
through its size singular ability reduce the bulk the 
fluid reaching it. Small wonder that after cholecystectomy the ducts 
dilate and the sphincter gives way!!® The organ also propulsive, 
delivering bile the duodenum when needed. But such service 
subsidiary, essential, the storage bile. During those periods 
when the duodenum empty the bladder husbands the bile for 
future use, and through its concentrating activity enabled retain 
very nearly all the liver output when the interval from one gas- 
tric digestion another not unduly long. illustration the 
point may given: 


G., Dissertation, St. Petersburg, 1898, and Klodnizki, Disser- 
tation, St. Petersburg, 1898; cited Babkin, P., Die Sekretion der 
Verdauungsdriisen, Berlin, 1914, Bruno, G., Arch. Sc. biol. St. Péters- 
bourg, 1899, vii, 87. 

Hohlweg, H., Deutsch. Arch. klin. Med., 1912, cviii, 255. 

Judd, S., Ann. Surg., 1918, 473. 


3 


4 


CONCENTRATING ACTIVITY THE GALL BLADDER 


The period most abundant bile formation normal animal coincides 
roughly with that during which chyme leaves the stomach. Secretion has 
diminished markedly hours after the ingestion and thereafter 
continues slowly lessen. normal dog kilos fed every hours, that 
say under favorable conditions for secretion, will form, every 12, 
about cc. Much less will put out when feeding omitted. Now 
such dog supposed have gall bladder holding cc., which well below 
the average and the organ endowed with the ability concen- 
trate the bile sixfold, which view our experimental findings not too much 
assume, there should room for cc. liver bile. That much will 
actually come from the liver doubtful. The hourly small spurt into the duo- 
denum during fast not indicative tensely filled gall bladder but may 
directed the maintenance sterility the passages. 


all likelihood the gall bladder has functions addition those 
outlined. Its importance reservoir perhaps less animals 
that, like man, eat frequently, than species such the dog that 
habitually long periods without food. There may reasons 
for the concentrating activity besides the reduction fluid bulk. 
And the need for mucus the bile unexplained. The elaboration 
mucus quantity is, like the concentrating activity, function 
the bladder distinct from the ducts. Indeed, the receptaculum 
chyli has been much too often considered mere diverticulum 
the duct system. The special character its influence upon the 
bile deserves emphasis demonstrating the highly purposeful differ- 
entiation the organ. The fact that few ills follow upon removal 
the normal gall bladder means merely that the body has adapted 
itself the loss, not that the loss unimportant. this connection 
the surgeon would well remember that uncertainty function 
and confidence readjustment are best questionable motives 
for adventures ablation. 


judge from Stadelmann’s instances. 

According Mann (Mann, C., New Orleans Med. and Surg. J., 1918, 
Ixxi, 80), the average capacity for dog kilos 16.6 cc. The individual 
variation great, our Table III shows. Mann’s figure indicates that 
had with unusually small bladders, view supported our more 
recent experience. 
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SUMMARY. 


The bile coming one time from difierent portions the liver 
the dog has nearly the same amount pigment per cubic centi- 
meter. With this determined have studied the power the gall 
bladder concentrate bile directed it, using criterion the pig- 
ment strength sample collected throughout the period ex- 
periment from duct branch. The extent and rapidity the con- 
centration are alike remarkable. gall bladder emptied the 
beginning one experiment and left fill from the liver, concen- 
trated the 49.8 cc. bile reaching hours 4.6 cc., that 
say reduced its bulk 10.8 times; while another bladder left 
distended with bile known constitution and receiving addition 
fresh increments from the liver concentrated the secretion 8.9 times 
hours. series five emptied bladders concentrated the 
bile coming them about hours the average 7.1 times, 
little more than the 6.4 times seven organs left full. The 
conditions both cases were relatively unfavorable the with- 
drawal fluid from the bile because this takes place osmosis 
and diffusion, with the ultimate always that the blood, and the 
secretion our animals was notably rich solids indirect 
result the operation. 

The rapidity with which fluid withdrawn through the wall 
the bladder may judged from some experiments which bag 
was connected with the tip the organ large cannula. Merely 
its passage through the bladder the bile was concentrated 2.3 
4.8 times. The finding indicates potential source error ob- 
servations upon samples bile obtained from fistulous channels 
which the bladder forms part. 

The bile ducts not withdraw fluid from the secretion they 
convey but tend dilute it, shall show companion paper. 
The restriction the concentrating activity the receptaculum 
chyli good evidence that the latter has special significance for the 
organism. The nature this significance briefly discussed. 
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General Description the Tables. 


The most important data given relate the relative pigment concentrations, 
bile strengths, the portions secretion derived from the different liver re- 
gions the same animal, that the called sample bag being taken 
standard. Table shows that when the influence the gall bladder ruled out, 
the portions differ little pigment value. The other tables present evidence 
that this value undergoes manifold increase bile submitted the bladder. 

Since the pigment strength much the same for the unmodified secretion from 
different portions single liver, becomes possible ascertain approxi- 
mately the quantity bile reaching gall bladder during given period from the 
pigment accumulation compared with that type specimen the 
liver bile collected into bag. Thus, for example, Experiment Table 
the bladder contained 49.8 units pigment unit pigment cc. sample 
bile) only 4.6 cc. fluid, compared with 19.1 units the 19.1 cc. the 
type specimen. follows that 49.8 cc. secretion had reached the bladder. 
Data obtained this way have been given place the tables. too have 
figures bile output and pigment quantity derived from knowledge the 
contents the sample bag and the proportion tissue tributary and the 
bladder. Experiment Table the output gm. liver, col- 
lected the sample bag, amounted 19.1 cc., while 202 gm. supplied the bladder. 
follows that the latter should have received 50.2 cc. bile, amount closely 
approximating the real one (49.8 cc.) calculated out the basis actual pig- 
ment content. For the purposes comparison with this last, the total pig- 
ment that should theoretically have reached the bladder has been calculated 
out the basis the tissue partition and the pigment the sample bag. 

the experiments Table III the use foreign bile distend the bladder 
has complicated the expression results. determine the amount secre- 
tion and pigment coming from the liver during the experiment, was neces- 
sary deduct from the ultimate findings the amounts introduced. This has 
been done. The figures brackets represent the amounts bile and pig- 
ment furnished the liver, and the unbracketed figures just beneath represent 
the sum such quantities and those introduced. Thus Experiment 10.3 
mg. pigment was put the gall bladder and 14.2 mg. found the close the 
experiment. The liver then had contributed 3.9 mg. pigment, 1.6 cc. 
fluid, judging from the pigment strength that the sample bag. Since 10.5 
cc. fluid had originally been introduced, the total acted upon the gall blad- 
der was 11.9 cc., and the reduction this 3.3 cc. 3.6 fold concentration 
was effected. 
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PHYSIOLOGICAL CAUSES FOR THE VARIED CHARACTER 
STASIS BILE. 


PEYTON ROUS, M.D., anp PHILIP McMASTER, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


PLATE 


(Received for publication, February 1921.) 


The fluid encountered operation the obstructed bile passages 
human beings notably various character. Even cases free 
infection all gradations may found between black, tarry 
material and the watery, colorless bile” that has long puzzled 
surgeons. ‘The causes for this diversity are not immediately evident 
clinical because the numerous complicating factors 
which give each almost individual peculiarity. One looks 
vain for clue them such book that Kehr! which describes 
detail the findings many hundred operations upon diseased bile 
passages. But theyare readily ascertained through experiment. The 
different, and general opposed, functions the gall bladder and ducts 
are principally responsible—infection aside—for the protean character 
stasis bile. 


Method. 


Dogs have been mostly employed for the work, with some cats and rhesus 
monkeys. Many animals used for concurrent observations other themes 
were available. Obstruction the bile ducts was produced by, tying and cutting, 
with the excision, where possible, piece, and difficult points ligatures 
laid series. dogs and cats the danger restoration continuity 
cutting through the silk thread was found negligible when that used was 
large caliber. The operations were performed aseptically under ether anes- 
thesia, and the abdominal wound was closed three layers. Infection and 
other complications were rare. Save where specifically mentioned, instances 
showing them have been ruled from consideration. After some days weeks 


Kehr, H., Drei Jahre Gallensteinchirurgie. Bericht 312 Laparotomien 
Gallensystem aus den Jahren 1904-06, Munich, 1908. 
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the animals were chloroformed and the ducts, their contents, the liver, and the 
hepatic vessels were carefully studied. Bits the tissue and drops the stasis 
bile were placed agar and bouillon, and the hepatic tissue was examined 
histologically. 

The common duct the dog and cat formed from three more main hepatic 
branches, high into one which the gall bladder empties. The arrangement 
varies greatly from animal animal, and taking advantage special instances 
one may obstruct every large duct turn, now connection with ,the gall blad- 
der and again association with total obstruction, with local 
one small insignificant for the organism. this way possible 
test whether any duct has functions peculiar itself. There is, properly speak- 
ing, cystic duct the dog cat, owing the entrance just below the bladder 
neck tributary from the right side the right central lobe, but the monkey 
there slender one, which, like that man, empties into the common duct, 
arrangement which much limits the obstructive permutations possible the 
experimenter. 

When the material was sufficient, quantitative estimations were made the 
pigment and cholates the stasis bile. our opinion the results obtained 
are not accepted without reservation because bilirubin, least, undergoes 
changes incubation the gall bladder;? but they suffice indicate the trend 
affairs. Hooper and modification the Salkowski test was used 
estimate pigment. The method has been discussed some length preced- 
ing paper.* For bile salts, the Foster and Hooper® amino nitrogen method was 
employed when the material was sufficient, and Hay’s sulfur test when was not. 
The amino-acid determinations were carried out for Dr. Van Slyke’s labora- 
tory. The Pettenkofer test for bile salts could not used because yields 
positive result with cholesterol. disclose the presence the latter the Lieber- 
mann-Burchard method was employed. 


Contrasting Types Stasis Bile. 


Whenever obstructed bile duct was left communication with 
the gall bladder the stasis bile later found proved heavily 
pigmented, and syrupy, ropy, even tarry, according whether 
the period obstruction had been short 


Experiment 1.—In sixteen dogs, two cats, and one monkey obstruction the 
common duct was produced, one more its hepatic tributaries such 
wise that the gall bladder still communicated with the channels stasis. 


O., Lehrbuch der physiologischen Chemie, Wiesbaden, 8th 
edition, 1914. 

Hooper, W., and Whipple, H., Am. Physiol., 1916, xl, 332. 

P., and McMaster, D., Exp. Med., 1921, xxxiv, 47. 

Foster, G., and Hooper, W., Biol. Chem., 1919, xxxviii, 355. 
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The changes that took place the stasis bile were the same, whether 
total obstruction had been produced not. animals killed after 
days the gall bladder and the ligated ducts connecting with 
were tensely, though not greatly, distended with syrupy, dark brown 
bile. days later the color the fluid was noted definitely 
green-brown, and after days weeks stasis was green-black, 
and the contents the gall bladder was mucinous even tarry, while 
that the connecting ducts was heavy syrup. the next 
weeks the bladder bile underwent important change but the fluid 
the ducts gradually thickened jelly which gave Hay’s reaction 
for bile salts high dilution. Further our observations did not go. 

The contents ducts separately ligated and the obstructed com- 
mon duct blocked off from the gall bladder was entirely different. 


Experiment 2.—In nineteen dogs, three cats, and four monkeys, the common 
duct was obstructed and the gall bladder neck well, else one more large 
hepatic ducts separately tied and cut. 


The stasis fluid these instances was first brown, then green but 
definitely less pigmented, and finally, after days more stasis, 
clear, often completely colorless, even jaundiced animals, 
most pale yellow, and usually without sufficient cholates give 
Hay’s Udranszky’s test. That from the cat was syrupy and 
one case tenacious jelly, but the yield the dog and monkey was 
watery with slight, translucent, glairy admixture. greater con- 
trast the inspissated biles Experiment could have been devised. 
Yet both types stasis fluid were frequently obtained one time 
from the same animal (Figs. and 2). 


Experiment 3.—Obstructions were placed the bile channels twenty-one 
dogs, three cats, and two monkeys that some the large ducts stasis were 
deprived their connection with the gall bladder, while others still possessed it. 


autopsy both sets ducts were equally distended, the one with 
heavy, green bile giving Hay’s test high dilution, the other with 
the colorless lightly tinted fluid above described (Fig. 1). the 
contents the finest duct ramifications visible the eye section 
the liver tissue, like differences were discernible. Several apparent 
exceptions which green bile was found where colorless fluid had 
been expected served emphasize the invariable nature the rule. 


STASIS BILE 


search, communication with the gall bladder was discovered 
every such instance, either way fistula through reestablish- 
ment the old connection. 


Causes for the Differing Types. 


clearly evident how the contents green system, may 
call one connected with the gall bladder during stasis because the 
characteristic hue, comes highly pigmented and last tarry. 
companion paper have demonstrated that the normal gall 
bladder effects great and rapid concentration the bile. One has 
only suppose that the organ still functions some measure during 
stasis explain the heaping pigment and the connecting 
ducts. The change from brown green is, for the most part least, 
heavy syrup and eventually tar jelly occurs through the gradual 
accumulation mucinous nucleoprotein which normal product 
the bladder 

What, now, the derivation the colorless material distending 
system,” one obstructed out connection with the gall blad- 
der? There are several possibilities, but discussion them 
unnecessary since our findings point single direction. The thin, 
colorless fluid not bile all but product the duct wall that has 
gradually replaced the small amount hepatic secretion originally 
pent up. 


Experiment 4.—A greater less portion the common duct with, some 
instances, the trunks the larger hepatic ducts was isolated five dogs 
ligating and cutting above and below. After various periods days the 
animals were chloroformed and examined. The isolated duct segment was found 
uninflamed but greatly distended every case—up diameter about cm. 
the average—and held several cubic centimeters colorless and watery, 
thinly mucinous, fluid, identical its obvious characters with that white 
system ducts above described. All the animals had become jaundiced 
result the total obstruction, yet none the duct fluids was bile-stained and 
the two that were submitted Hay’s test gave negative response. Cultures 
attested their sterility. 

Experiment 5.—In female dog 11.5 kilos segment common duct was 
isolated and connected means glass cannula and flexible rubber tube with 
small, empty rubber balloon, which was left the abdominal cavity when the 
abdominal wound was closed. Recovery from the operation was prompt, and the 
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animal remained excellent condition during the days prior reexamination. 
The bag now held 8.5 cc. clear, sterile, watery fluid, slightly alkaline litmus, 
and with specific gravity 1.011. The mucosa the duct was not inflamed. 
few degenerating epithelial cells separated from the fluid standing, and when 
looked long column the latter had faintly greenish cast, doubtless result 
changes the bile pigment originally left the duct. Hay’s test for cholates 
was negative. The dog had not yet developed tissue icterus. 


These experiments demonstrate that the mucosa the duct secretes 
fluid its own and not prevented from doing pressure 
sufficient stretch considerably the tough and rather inelastic duct 
wall. The degree distension observed was about equal that 
the closed ducts above the isolated segment. this relation 
interesting remember that the pressure within the ducts rises during 
stasis the dog equal that column bile approximately 300 
mm. The amount fluid produced Experiment the 
absence such pressure obstacle was negligible cc. 
days from strip mucosa about cm. long and 0.7 to0.8 cm. broad 
when the duct was laid open longitudinally. 


Histological Changes. 


The hepatic tissue connection with obstructed ducts filled with 
colorless bile does not differ the least appearance, even after weeks 
stasis, from that giving into green system the same animal. 
When the ducts from part the liver have been left open there will 
noted general dilatation the blocked channels, slowly develop- 
ing, orderly, interlobular cirrhosis, few pigment thrombi between the 
parenchymal cords, and more less marked parenchymal atrophy 
the region stasis with compensatory hypertrophy elsewhere. When 
obstruction total and jaundice has been present for some weeks one 
will find addition marked parenchymal icterus and many intralob- 
ular bile thrombi, but still differences referable the green and 
white systems. Coursing beside the distended colorless ducts the 
latter, and away from the liver, may seen lymphatics turgid with 
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fluid colored bright yellow with bilirubin, and yielding positive 
Hay’s reaction. clear that the liver must forming bile which 
somehow prevented from entering the usual channels. preven- 
tive agent can scarcely other than the colorless secretion the 
duct walls which has gradually backed within them. 


Development White System. 


systematic study has been made the various steps the 
development white system the dog. During the first few days 
obstruction the duct contents still pigmented, appearing indeed 
somewhat more than normal bile, owing the conversion part 
all its bilirubin into the much darker biliverdin. After about 
week, rule, the pigment has become much less amount, though 
the lack any criterion its original quantity, which varies 
greatly, course, from animal animal, examples cannot given. 

the 10th 11th day the duct contains practically colorless 
fluid. eleven dogs with total obstruction lasting from days 
and icterus varying degree, was completely colorless, and devoid 
cholates. too three cats with pronounced jaundice after 
days obstruction. Many instances could cited perfect 
white systems animals with partial obstruction, but these have 
less interest, owing the fact that the occurrence icterus was pre- 
vented their case through vicarious elimination bile the 
unobstructed liver portions. have said that very few formed ele- 
ments are present the duct fluid. Cholesterol practically absent 
shown the Liebermann-Burchard test which occasionally nega- 
tive and most weakly positive. All these facts are true for the 
contents branches from single lobes, separately obstructed, for 
that the large channels. 

Authorities are not agreed the precise point escape the 
bile from obstructed ducts but known close the margin 
the lobuli. According and most workers situate 
the junction the intralobular bile capillaries with the collecting 
channels Glisson’s capsule. places within the lobuli but 


Heidenhain, R., Studien des physiologischen Instituts Breslau, Leipsic, 
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near their periphery. However this may be, one can suppose that 
the gradual formation white system the fluid that accumulates 
the ducts, diluting and replacing their original content, escapes 
the same point the bile. Certainly must escape far back toward 
the lobuli, else the ducts Glisson’s capsule would observed 
contain bile, not colorless fluid when the liver cut open. One may 
vision slow upward current duct secretion meeting and opposing 
more rapid one downwards bile the region the duct radicles, 
and the escape both together through the walls. 

the monkey bile” completely devoid pigment and 
cholates not obtainable, owing the great distensibility the ducts, 
that relatively large amounts stasis bile collect them; the 
short period during which they remain obstructed when cut between 
ligatures; and finally one several factors now discussed, 
which, acting likewise the dog, often prevent the elaboration 
perfect “white bile.” are: (1) derivation the white 
system from hepatic lobe having another outlet which patent; 
(2) the presence gall bladder mucosa the white system; (3) 
long continued obstruction. 

another have furnished evidence that the bile 
radicles which unite form each primary hepatic duct fail the dog 
anastomose any significant degree with those other ducts. 
Each drains what may termed separate watershed, and when its 
outlet blocked, when the duct tied, the tributary region suffers 
its outermost limits, shown the eventual sharp line demar- 
cation between normal liver parenchyma and that the region 
stasis, line which follows closely the anatomical limit the ob- 
structed ducts. But physiologically the separation not quite abso- 
lute, the present work shows. Repeatedly the course 
have had opportunity note the influence free duct the con- 
tents white system, having its ramifications the same tissue 
mass. Under such circumstances the fluid the white system 
regularly yellow with bilirubin and contains cholates, although other 
white systems deriving from entire lobes the same liver have con- 
tents colorless and negative for bile salts. The fact that the pigment 
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the white system bilirubin, not biliverdin old stasis 
biles, argues its recent production. The most reasonable explanation 
its presence would seem constant slight secretion bile into 
the ducts result lowering pressure them consequent 
turn upon slight continual leakage from the white system over into 
the adjoining unobstructed region. How and where this leakage 
occurs cannot said. the monkey there evidence for con- 
siderable amount the development regularly broad zone 
transition between the liver tissue that atrophic the result 
transmitted pressure from obstructed ducts and the adjoining normal 
parenchyma. 

have called attention another paper difficulty encoun- 
tered attempts block off completely the gall bladder the dog 
without encroachment the duct. The bladder mucosa often ex- 
tends below the neck the organ, beyond the entrance the 
first channels from the liver, readily seen when the duct laid 
open. The development new gall bladder after cholecystectomy 
probably traceable this arrangement, for never occurs when the 
segment duct question immediately next the bladder has been 
great the concentrating activity the bladder upon 
the bile that when ligature laid the neck the organ the small 
residual portion left below may suffice, have shown, effect 
considerable reduction the fluid bulk the secretion.‘ 
such reduction fluid bulk, whereby little bile enabled enter 
white system, that some our anomalous instances should attrib- 
uted. these cases when the duct distended with pale yellow bile 
was slit open still more distended segment characteristically thin 
walled bladder mucosa disclosed itself below the ligature which had 
been supposed exclude entirely. The neighboring ducts which 


been separately obstructed held contrast colorless fluid. 


Finally, several dogs which white system and general jaun- 
dice had existed for weeks more the stasis fluid was yellow and 
contained cholates the absence the factors just mentioned. The 
duct wall was now stretched very thin. secretion from it, 
seepage through it, may have occurred. 


H., and Clairmont, P., Verhandl. deutsch. Ges. Chir., 1904, xxxiii, 
pt. Ds 81. 
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The Changes Green System. 


The activities the gall bladder during stasis merit special attention 
because they perhaps have small share the production gall 
stones. The changes that occur within white system are all the 
direction dilution and replacement the bile. Those green 
the other hand seem first view wholly the result 
progressive biliary concentration. Within the first few days the blad- 
der contents turns greenish black and weeks elapse thickens 
tar jelly, while similar though less marked alterations occur the 
fluid the connecting ducts. has required quantitative observa- 
tions show that here gradual accumulation pigment; and 
preliminary note have expressed this erroneous view. What 
really happens progressive conversion bilirubin the greatly 
darker biliverdin, whereby gradual disappearance much the pig- 
ment masked. point can readily demonstrated diluting 
out the bladder bile with water. The bile obtained after week 
days obstruction, though colored green-black, dilutes out through 
the yellow-brown bilirubin, bright yellow which only disap- 
pears relatively large quantities water. After another week 
the green persists higher dilution, but the proportion water 
required bring about total disappearance color not great. 
Finally after weeks more the dog, and much sooner the mon- 
key, the yellow tint missing when water added the bile and only 
clear green got which fails survive much dilution. The disap- 
pearance pigment thus indicated also shown titrations carried 
out according Hooper and Whipple’s method. the latest period 
stasis that have studied—44 days, the dog—the bladder con- 
tents still reacts characteristically with acid alcohol, and colorimetric 
readings against bilirubin standard can made. The amount 
pigment found per cubic centimeter now not more than twice that 
many normal biles, instead six ten times the quantity during 
the first days. 

How soon after the production green system does the concen- 
trating activity the gall bladder cease, and what are the maximum 
alterations effected it? These questions are not readily answered. 
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The inspissatory changes come about entirely through osmosis and dif- 
fusion, and are limited the the After the first few days 
the further dilatation, their capacity when 
they are taken together being now only twice four times the normal. 
follows that the stasis bile will mostly derivative that pur- 
veyed the liver during the first few days obstruction. And since 
the constitution ordinary bile substances large molecule varies 
much, follows that the small space available for its accumulation 
may some individuals come occupied largely substances 
one sort which the bladder wall impermeable, and again those 
another. This fact reflected the irregularities Table 

none the fluids recovered after days more stasis was 
great concentration pigment found some bladder biles acted 
upon the normal organ for hours.‘ After days stasis the 
pigment still unincreased, and later there gradual diminution 
init. One may conclude that the maximum pigment concentration 
effected during the first day two obstruction, and that thereafter 
the activity the gall bladder this regard practically ceases. 

Quantitative observations cholesterol were not made because the 
bladder mucosa itself recognized source the substance. 
Cholates though were estimated two ways, already 
Foster and Hooper’s amino-acid method and Hay’s sulfur test 
carried out progressive dilutions the bile. 


Both these methods used connection with stasis bile are open crit- 
icism. inspissated bile long kept body temperature may very well come 
contain other substances besides salts taurocholic acid that fail come down 
boiling alcohol and will yield amino-acids hydrolysis. Derivatives the 
abundant nucleoprotein special might well this. Hay’s sulfur test not 
only given positively any substance that lessens surface tension, but the les- 
sening ordinarily caused cholates may hindered other bile constituents. 
Thus, for example, have several times found that watery solution sodium 
taurocholate which yielded positive Hay’s test when mixed with given amount 
water, failed the presence very slight trace bile although the 
latter itself contained cholate but not quantity sufficient elicit reac- 
tion the dilution employed. There are then several possible explanations for 
the differences result the two methods (Table I). 
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The general indications obtained both methods are that bile 
salts, unlike pigment, may increase concentration stasis pro- 
gresses. 

The gradual viscid thickening the result the persistent elabora- 
tion the bladder wall mucinous material identified Hammar- 
sten This not produced any quantity 
the ducts. first only the contents the receptaculum chyli 
are thickened with it, but later extends into the larger and smaller 
passages, and finally the most minute ones visible the unaided 
eye are distended with tiny plugs green this connection 
noteworthy that the distribution pigment and cholates through- 
out the green system eventually becomes approximately even 
one. first these are principally massed the gall bladder, 
would follow from the localization the concentrating activity 
this latter. 


Experiment 6.—In thirteen dogs, one cat, and one monkey, with green stasis 
systems days duration clamp was placed upon one the tributary 
ducts autopsy and the fluid obtained from above was compared with the blad- 
der contents regards pigment and cholates. little material was yielded 
the duct that Hay’s test graduated watery dilutions, and direct color com- 
parison with similar dilutions the bladder contents, were the best methods 
available. They regularly indicated first marked differences between the two 
biles, which tended disappear later. Thus after and days obstruction, 
respectively, three dogs the pigment was only 54, 25, and per cent strong 
the duct fluid the gall bladder, whereas three other dogs kept for 34, 
36, and days, its relative strength was 80, 86, and 100 per cent. 


More factors influence the changes green stasis system than 
white one. The differing permeability the bladder wall for 
different substances, and the eventual clogging the mucosa which 
will vary its effects with the substance; the continued production 
mucus; the activity the ducts dilute the bile; these and doubt- 
less other moments interact alter the stasis fluid. The eventual 
tendency toward replacement the bile with duct secretion and 
mucinous material from the bladder. 
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The Pressure Green and White Systems. 


The fluid obstructed bile ducts pent day-to-day pressure 
averaging about 300 mm. bile the dog,’ sufficient evidence 
that there are considerable barriers its escape. These barriers 
would appear equally effective for the green and white systems. 
The distension the ducts the same both when present 
single liver, and, what perhaps more significant, the hepatic regions 
pertaining the two show noteworthy differences. have 
pointed out previous that the pressure regions 
stasis has effect diversion the portal stream with local pa- 
renchymal atrophy and compensatory hypertrophy elsewhere. The 
changes may readily followed the dog liver, where they are 
marked after but few weeks. Now were the duct pressure 
green white system much greater than its fellow there should 
reflection this differing degrees parenchymal change. 
Such are not found. The activity the gall bladder, while sufficient 
determine the character the stasis bile, is, then, without en- 
during influence the stasis pressure. The fact that the pressure 
developing when ducts are suddenly obstructed the same that 
their continued suggests that the prime moment its 
maintenance the secretory activity the liver. 


Some Results Infection. 


Consideration has been given thus far only happenings the 
absence infection. The entrance this latter may bring with 
innumerable complexities. Two that have come under our eye 
will put record, since they throw light upon the problem 
obstruction man. 

The fluid elaborated infected ducts sometimes longer 
thin but viscid practically occlude the ducts. dog 
from which were making day-to-day collections the bile from 
different portions the liver, infection occurred one the duct 
systems drained rubber tubes. Almost once its output became 
thickly mucinous and practically lost the biliary character, being 
but faintly tinted with bilirubin whereas the companion bile that 
served control was still thin and dark. autopsy the liver 
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proved normal; and portions the control bile when incubated 
with organisms from the infected ducts failed thicken. There 
little doubt that here had with cholangitis rendered ob- 
structive thick secretion from the duct walls; that say, 
just such condition affairs supposed operative the 
catarrhal jaundice human beings. 

Infection may change the gall bladder that white system de- 
velops where green expected. one our dogs chronic 
infection led thickening the bladder wall, and this organ and 
all the obstructed ducts connected with were found distended 
with colorless, syrupy fluid that failed give Hay’s reaction but 
contained small ropes old pus and numerous micrococci. There 
good reason suppose that this instance the infection pre- 
vented inspissation bile the bladder. 


DISCUSSION. 


has long been taken for granted that the walls the ducts 
influence the bile those the gall bladder, and this view has 
colored the interpretation pathological findings. That in- 
correct the present observations show. The activities ducts and 
bladder are opposite nature, but such different magnitude 
that those the bladder determine the picture when the bile 
submitted both. curious fact that the duct walls, though 
intimately related the tissue forming the bile, themselves secrete 
fluid that colorless even when the animal heavily jaundiced. 
The glands the wall behave this respect like those forming the 
and saliva and those the gastric mucous membrane," 
contrasted with the sweat glands and kidneys which put out bilirubin 
during icterus. true that the fluid white system with walls 
stretched thin after long standing total obstruction may lightly 
tinted with bilirubin and contain cholates; but these substances 
not improbably come from the liver under such circumstances. The 
fact may recalled this relation that mucous surfaces general 
become permeable bile pigment when 
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have been obtained from human beings with ex- 
treme fatty degeneration the well after duct obstruction. 
The instances record leave little doubt that liver with injured 
parenchyma sometimes yields colorless fluid having scarcely any 
resemblance true bile. Our present findings warrant the sugges- 
tion that the fluid derived from the duct walls, while the liver 
cells proper have practically ceased secreting. However this may 
be, there doubt that the ducts are the source 
obstructive instances. them the integrity the parenchyma 
attested the resumption secretion into the old channels 
when the impediment has been The condition affairs 
while the obstruction holds essentially similar that studied 
Heidenhain® his classic experiments the introduction under 
pressure sodium indigotate into the ducts. The strange fluid, 
whether indigotate white bile, fills all the extralobular passages, 
preventing any bile from entering them, and its surplus escapes 
with the bile itself through the walls the duct radicles near 
the margins the liver lobuli. When pressure relieved the bile 
once more takes its way into the proper channels, flushing out ahead 
the strange fluid. Secretion the liver never inhibited, 
only diverted, fact abundantly proven the jaundice that ensues 
when the obstruction has been total. 

many instances man white bile from obstructive causes 
the hepatic duct branch has alone been blocked, but 
others the common duct and the gall bladder and all 
the passages fill with colorless Here apparent contra- 
diction our rule the origin green and white systems. But 
green system can only produced when the gall bladder capable 
concentrating bile during stasis. Lacking this ability the organ 
becomes mere diverticulum white system. And with 
such incapable gall bladders that one has these anomalous 
instances. Aschoff and have emphasized the fact 
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connection with hydrops that the normal gall bladder does not dis- 
tend with fluid when tied off the neck but draws gradually down 
into small, thick walled globe containing little mucous jelly. 
This happens even during the jaundice total obstruction, 
have had occasion note. Hydrops, Aschoff and Bacmeister 
rightly say, the expression change the bladder wall such that 
fluid elaborated instead withdrawn through it. When 
organ pathologically active this way, one merely indifferent 
the bile, stands connection with obstructed duct system there 
will inevitably occur gradual replacement the original stasis 
bile with secretion derived from the duct walls. have fur- 
nished specific instance the animal already mentioned that was 
operated upon for the production green system, but which 
white developed instead, connection with bladder thick walled 
from chronic infection. and noted far back 
1856 dog with ill cared for gall bladder fistula that glairy, 
colorless fluid collected when the fistulous opening closed for day 
two, which was replaced bile after some hours drainage. 

recognition the physiological influences which make for the 
production green and white stasis systems should bring some order 
into the chaos observations stasis bile. One enabled say 
with certainty that here the concentrating activity the gall bladder 
mainly responsible for the character the fluid found, and that 
hydropic bladder. But the diverse infections which the biliary 
passages are liable bring with them innumerable complexities. One 
have recorded the sudden mucinous thickening duct bile, 
with obstruction result. 

The differing activities the bladder and ducts bear directly upon 
the problem cholelithiasis. Our observations leave little ground 
for surprise over the fact that stones the hepatic duct its branches 
are relatively infrequent and give but little trouble clinically. 
greater less degree obstruction these channels must often 
occur: inevitable inflammatory neoplastic changes the 
liver tissue. But such local stasis may thus caused followed, 
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the present experiments show, not concentration the 
stagnating bile, but its dilution and replacement with fluid 
from which one the principal substances forming stones, bilirubin, 
often completely absent and the other, cholesterol, sometimes 
practically so. The fluid thin, like the liver bile itself, and both 
will readily find way around stones that only partially occlude 
duct. 

The participation the gall bladder completely changes the con- 
ditions and the ultimate prospect. have shown how rapidly 
the organ acts inspissate the bile, even the absence 
Aschoff and Bacmeister bring evidence that most stones have their 
beginning uninfected and approximately normal gall bladder. 
their view cholesterol falls out the incubated bile crystalline 
form and deposition takes place thereon; while and many 
others believe that bacteria and cellular debris constitute the nuclei 
formation. Whatever the true case, this much least certain, 
that the enlargement stones deposition out solution 
suspension. The activity the gall bladder concentrate the 
bile cannot but profound importance this 
deed, one accept the cholesterol hypothesis stone origin assumes 
primary significance. The very rapid stones that have 
passed into the common duct and cause partial obstruction, 
described Naunyn, and the secondary formation such cases 
stones just above, are alike attributable large part the in- 
fluence the bladder upon repeated fresh increments bile. And 
the danger total obstruction under such circumstances rendered 
greater the thickening the bile with bladder mucus. 

have already pointed out that the upper portion the cystic 
duct often has the physical characters the bladder wall and with 
them its concentrating This latter fact will far ex- 
plain the development stones the duct after cholecystectomy, 
occurrence not infrequent the days before duct ablation was 
practised. 

Aschoff has aphorism the effect that the essential and common 
cause all gall stones biliary stasis. One might say for many 
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cases, coming nearer the actual event, that 
inspissation. 

Stones rarely develop result continuous obstruction. Under 
such circumstances, have shown, bile soon ceases come from 
the liver into the closed passages, and that which first assembles 
becomes thickened with mucus from the bladder and gradually 
diluted with the secretion the duct walls. none our old 
bladder biles was any particulate matter found except desquamated 
cells. 

How these facts bear the present vogue cholecystectomy? 
evident from them that the concentrating activity the gall 
bladder renders menace during intermittent stasis and when- 
ever the bile itself such kind that stones readily form out it. 
The more normal the organ, speak precisely, the more the 
concentrating faculty retains, the greater the danger. the 
other hand, the surgeon should realize that the removal normal 
gall bladder entails, have pointed out companion 
functional disturbances that are none the less significant because the 
body adjusts itself Furthermore, Oddi originally showed, 
cholecystectomy often followed marked and permanent 
dilatation all the ducts that they come hold much bile. The 
accumulated secretion separated from the intestine only weak- 
ened sphincter, and ascending infection the ducts has been noted 
occur. 

patients with tendency stone formation would seem wise 
prevent, far possible, concentration bile the gall bladder. 
simple expedient suggests itself this end, namely frequent 
feeding. During fasting periods not only bile stored quantity 
and concentrated the bladder but the secretion comes from 
the liver rich The passage chyme through the 
duodenum accompanied expulsion the bladder 
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and its replacement with abundant, thin flow from the liver. 
Viewed prophylaxis, the oftener this can happen the better. 


SUMMARY. 


The gall bladder and ducts exert opposite influences upon the bile. 
The ducts fail concentrate and thicken with mucus the 
bladder does, but dilute slightly with thin secretion their 
own that colorless and devoid cholates even when the organism 
heavily jaundiced. The fluid may readily collected into rubber 
bag connected with isolated duct segment. continues 
formed against considerable pressure, and, the dog, slightly 
alkaline litmus, clear, almost watery, practically devoid choles- 
terol, and low specific gravity judge from the one specimen 
tested. obstructed ducts separated from the gall bladder, 
connecting with one changed pathologically that the concen- 
trating faculty has been lost, such fluid gradually replaces the small 
amount bile originally pent up. the called “white bile” 
surgeons. 

When obstructed ducts connect with approximately normal 
gall bladder the stasis fluid entirely different, owing the 
bladder activity. first there accumulates quantity true bile 
much inspissated loss fluid through the bladder wall, darkened 
change the pigment, and progressively thickened with bladder 
mucus. time passes duct secretion mingles with the tarry accum- 
ulation and very gradually replaces it. The inspissation the bile, 
indicated the pigment content, its greatest after only 
day two stasis. 

The differing influences the ducts and bladder upon the bile 
must obviously have much with the site origin cal- 
culi and their clinical consequences. The concentrating activity 
the bladder cannot but potent element the formation stones. 
have discussed these matters some length. Intermittent 
biliary stasis admittedly the principal predisposing cause choleli- 
thiasis; and the stasis thought effective, many in- 
stances least, through the excessive biliary inspissation for which 
gives opportunity. this way normal gall bladder can become, 
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merely through functional activity, menace the organism. 


patients with the tendency stones frequent feedings may lessen 
the danger their formation. 


EXPLANATION PLATE 


Fic. White and green stasis systems after days total obstruction with 
jaundice. Retouched photograph. The gall bladder and connecting ducts, 
are dark with heavily pigmented green bile, while the branches, 
separately ligated duct distended with bile” are translucent and 
practically colorless. 

Fic. and green from the same animals. The contrasting 
specimens, and were obtained after days obstruction dog with 


one large duct left open, and consequently icterus; and and B’, after days 
total obstruction with icterus. 
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STUDIES BACTERIAL NUTRITION. 


II. ACCESSORY SUBSTANCES THE CULTIVATION 
BACILLI. 


THEODOR THJOTTA, M.D., AVERY, M.D. 
(From the Hospital The Rockefeller Institute for Medical Research.) 


(Received for publication, April 25, 1921.) 


preceding paper was shown Thjétta (1) that influenze will grow 
hemoglobin-free medium consisting plain broth enriched sterile suspensions 
extracts mucoid bacteria. was suggested that under these conditions 
growth may attributable part the presence the bacterial extracts 
substances belonging the class called vitamines. was found that the 
growth-promoting action these substances bacterial origin was not destroyed 
boiling for minutes passage through Berkefeld filters. the present 
paper are presented the facts thus far acquired the study the growth require- 
ments the called hemophilic bacilli: the growth-stimulating action extracts 
yeast and vegetable cells, and the importance blood source growth 
accessory substances the cultivation bacteria. 

The earliest reference literature the importance accessory growth 
factors the cultivation microorganisms made Wildiers (2) (1901). 
investigator observed that watery extracts yeast cells greatly enhance the 
growth yeast synthetic medium. 

confirming the observation Pasteur the growth yeast medium 
composed mineral salts and sugar, Wildiers found that the size the inoculum 
was the greatest importance; small seeding would not suffice initiate growth, 
while larger inoculum grew abundantly this medium. fact suggested 
that the growth difference lay some intracellular factor furnished the heavier 
seeding which the death and disintegration certain the yeast cells was 
liberated, and supplied the surviving cells necessary growth-inducing sub- 
stance. This growth-stimulating principle yeast which Wildiers gave the 
name “bios” was contained within the cell and could extracted boiling 
yeast cells water. The extract obtained this manner and concentrated 
water bath was yellowish, clear, syrup-like fluid. This intracellular sub- 
stance, the called “bios,” was soluble water and per cent alcohol, and 
insoluble concentrated alcohol and ether. was resistant acids but sensi- 
tive alkalies. could filtered and dialyzed through paraffined paper. 
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The findings Wildiers concerning were confirmed Amand (3) 
who showed that this substance disappeared from the culture medium during 
growth. This observation Amand interpreted evidence that was 
used the yeast cells during growth, and was not product their own 
metabolism. 

The work Wildiers and Amand seems have been forgotten until quite 


when several investigators have adapted the principle these earlier 


workers methods for the measurement the vitamine content various 
substances. Bachmann (4) measures the vitamines the test material 
adding the sterilized substance yeast cultures and measuring the amount 
gas evolved index growth acceleration; Eddy and Stevenson (5), 
determining the presence vitamine, compare the numerical increase cells 
cultures yeast medium with and without the test substance. the 
other hand, from their experiments the growth yeast synthetic media 
without growth accessory substances, McDonald and McCollum (6) conclude 
that yeast must capable either growing without vitamines synthesizing 
these substances during growth. 

While Wildiers and Amand distinctly pointed out the importance extracts 
yeast the nutrition and growth yeast cells, they did not extend their 
observations the effect these extracts upon the growth other microorgan- 
isms, such bacteria. was not until after the discovery the value growth 
accessory substances the nutrition animals that the question their signifi- 
cance the growth bacteria was considered. Bottomley (7) showed the 
existence peat certain substances that have stimulating effect upon the 
growth plants and soil bacteria. These substances called 
and considered them the same importance the growth plants vitamines 
the nutrition animals. These ‘‘auximones” can extracted from peat 
the same manner the vitamines from plants, and this fact, together with 
their apparently uniform action seems indicate the close relationship between 
these substances. 

Following this discovery was only question time when the principle 
growth accessory substances should brought into full use the cultivation 
bacteria. 

1916, Lloyd (8) showed that the meningococcus required for its growth 
rich supply vitamines the medium. Lloyd attributes the value blood and 
serous fluids the cultivation meningococcus their vitamine content and 
believes that Gordon’s pea flour and Vedder’s starch medium may also contain 
vitamine which may partly account for the value these media. explanation 
the fact that meningococcus after artificial cultivation tends grow with 
increasing readiness ordinary media, this author suggests that adaptation 
more less saprophytic existence these organisms become independent 
vitamine supply. 

Cole and Lloyd (9) recommend the optimum medium for gonococci one 
rich amino-acids and vitamines, hormones.” These authors 


3 
a 
3 


TH. THJOTTA AND AVERY 


believe the existence two different substance present 
blood cells and easily absorbed from the media filtering, which seems 
induce the initial growth, and second substance found tissues plants and 
animals which has the power inducing luxuriant secondary growth. Davis 
(10) pointed out that influenze requires addition hemoglobin vitamine 
substance. compared these two factors the fat-soluble vitamine and 
the water-soluble vitamine Davis showed that the vitamine supply could 
obtained from plant and animal tissue. placing sterile sections vege- 
tables blood agar seeded with influenza bacilli, Davis demonstrated that 
better growth occurred around the pieces vegetables than the other portion 
the plates, just Grassberger many years ago called attention the more 
luxuriant growth Pfeiffer’s bacillus around colonies staphylococci. 

Davis (10) also applied this principle the cultivation other bacteria. 
sources vitamines Davis added media polished and unpolished rice flour, 
white and whole wheat flour. these grains were allowed sprout the growth 
was more profuse. The increasing growth the media made from sprouting 
grain explained due enzymotic activity the sprouting process, resulting 
changes proteins, and inversion starch into sugars. 


the preceding paper (1) the growth Bacillus 
broth containing sterile bacterial extracts, was pointed out that 
this phenomenon may explained part least the presence 
growth accessory factors, vitamines, the bacterial extracts. 
this paper attempt made analyze further the growth re- 
quirements the called hemophilic bacilli and indicate the 
significance growth accessory substances bacterial nutrition. 


EXPERIMENTAL. 
Growth Accessory Substances Yeast and Vegetable Cells. 


Although extracts from bacteria the mucoid variety may 
readily prepared, their use not practicable. the present study 
extracts were prepared from yeast cells which are known rich 
water-soluble vitamine, and which, previously shown 
Wildiers and Amand, have marked stimulating effect upon the 
growth yeast cultures. Extracts fresh ripe tomatoes, green 
peas, and green beans were also used, since these vegetables are 
also valuable sources growth accessory substances. 
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Preparation Extract gm. brewers’ yeast! were 
emulsified 400 cc. distilled water. Since the vitamines will 
stand boiling better acid than alkaline solution, the reaction 
the suspension yeast cells was adjusted 4.6, boiled over 
free flame for minutes, and then allowed sediment room 
temperature. The clear supernatant extract was pipetted off and 
tested for sterility. The clear, sterile extract, unneutralized, was 
stored the ice box and added the medium immediately before 
use. The extract prepared this manner was clear, yellowish 
fluid. analysis showed the following nitrogen 
total nitrogen, 0.116 per cent; ammonia nitrogen, 0.011 per cent; 
amino nitrogen, 0.039 per cent; peptide-bound nitrogen, 0.024 per 
cent; undetermined nitrogen, 0.042 per cent. Before addition 
the yeast extract media, the reaction may readjusted opti- 
mum for growth Bacillus influenze, 7.3 7.5. 

Preparation Extract tomatoes were treated 
the following way: The skin surface was seared with red hot knife 
and through this area asterile fork was plunged. The tomato was 
then dipped alcohol and flamed, then plunged into boiling water 
for minute, the skin peeled off, and the stem removed with sterile 
forceps. The tomatoes were placed sterile enamel dish, and 
crushed with sterile pestle. The reaction tomato juice 
its natural condition was 4.2, and therefore required read- 
justment before boiling, the case the yeast emulsion. The 
crushed tomatoes were boiled for minutes and the expressed juice 
either filtered through Berkefeld filter (N) cleared centrif- 
ugation, stored its original acidity, and the reaction readjusted 
before use. This extract was perfectly clear, slightly yellowish 
fluid. Nitrogen partition this particular extract was follows: 
total nitrogen, 0.14 per cent; ammonia nitrogen, 0.014 per cent; 
amino nitrogen, 0.079 per cent; peptide-bound nitrogen, 0.00 per 
cent; undetermined nitrogen, 0.047 per cent. 


1The yeast used these experiments was supplied through the courtesy 
Mr. Spitzner the Central Brewing Company New York. 

For the nitrogen determination both the yeast and tomato extracts are 
indebted Miss Alma Hiller the Hospital The Rockefeller Institute. 
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Preparation Extracts Green Peas and Beans.—Fresh green peas 
were prepared flaming the surface and opening the pods with 
sterile forceps and crushing the separate seeds out into sterile dish. 
equal amount sterile distilled water weight was added and the 
reaction the emulsion adjusted 4.6 After boiling for 
minutes the extract was strained through glass wool and then filtered 
through Berkefeld filter (N). The resulting extract was perfectly 
clear and yellowish color. Similar extracts were prepared from 
string beans. 

Stimulating Action Vitamine-Like Substances the Growth 
Bacillus and vegetable extracts prepared the 


TABLE 
Stimulating Action Growth Accessory Substances Yeast and Vegetable Extracts 
the Growth influenze. 


extract Growth-stimulating action of. 


plain broth.* 


Yeast extract. Tomato extract. Extract peas. 
1:10 
1:100 
1:1,000 
1:10,000 


The extract-containing broth was inoculated with 0.05 cc. the supernatant 
fluid blood broth culture influenze. 

indicates good growth; moderate growth; slight growth; 
growth. 


manner described were tested for their stimulating action bacterial 
growth adding them varying concentration plain broth 
7.8. This medium was inoculated with 0.05 0.1 cc. the 
supernatant fluid blood broth culture Bacillus influenze. 
bacterial whirl was often visible the cultures seeded this 
manner after hours incubation, and was always marked after growth 
over night. 

Titrations the vegetable extracts were made infusion broth 
determine the lower limit the growth-stimulating action (Table I). 
Table shows that even high dilutions extracts yeast and 
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fresh green vegetables are able stimulate growth Bacillus 
influenze plain broth seeded with small inoculum from media 
containing blood. When considered that the original extracts 
contain little nitrogenous matter (yeast extract 0.14 per cent) and 
that only one-thousandth this amount present the dilution 
required for growth, becomes obvious that the extracts not serve 
merely additional nutriment, but that their action accessory 
nature, similar perhaps that vitamines animal nutrition. 
This resemblance the more striking that these extracts resist 
boiling for least minutes and are destroyed autoclave tem- 
peratures (120°C. for minutes) shown Table II. 


TABLE II. 
Relative Growth Capacity Yeast and Tomato Extracts after Boiling and 
Autoclaving. 
Tomato extract. Yeast extract. extract. 
plain broth, 1:10.* plain broth, 1:10.* Plain broth. 


30 120° “cc OES 


with 0.1 cc. the supernatant fluid from hour blood 
broth culture influenze. 


the literature the statement frequently encountered that the 
growth value culture media greatly impaired filtration. This 
loss attributed absorption the called hormones during the 
process filtering. order test the effect the growth-stimulat- 
ing value yeast extract after absorption with bone charcoal, the 
following experiment was carried out. 


each two small flasks under sterile precautions gm. bone charcoal 
and cc. yeast extract (pH 5.4) were mixed. One portion the mixture was 
heated steam bath for minutes order facilitate absorption; the other 
was placed room temperature and frequently shaken. the end the 
absorption period the charcoal was removed from suspension centrifugation 
and the absorbed extract tested for its growth-inducing action. Extract without 
charcoal was heated steam bath for minutes determine whether not 
the additional heating affected its potency. ‘The results are recorded Table 
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From Table III apparent that the growth-promoting power 
yeast extract susceptible absorption bone charcoal. is, 
course, obvious that the completeness absorption related 
the concentration the particular extract and the length time 
allowed for absorption. evident that under the experimental 
conditions described the vitamine-like principle yeast extract 
absorbed bone charcoal and that absorption occurs more 
under the influence heat. 

From the data presented the preceding experiments evident 
that Bacillus influenze will grow when transferred small inoculum 
from blood media plain broth containing extracts yeast vege- 


TABLE III. 


Effect Absorption Bone Charcoal the Growth-Stimulating Action Yeast 


Extract. 
Yeast extract absorbed. Unabsorbed. 
Dilution 
roth. min. steam rs. room min. steam 
temperature. Unheated. bath. 


Inoculated with 0.05 cc. the supernatant fluid blood broth culture 
influenze. 


table cells but fails grow under similar conditions the same 
broth without the addition these extracts. However, for reasons 
discussed later, continued cultivation fails broth containing 
only yeast vegetable extracts. 

While the chemical nature these growth accessory substances 
not known, they are analogous behavior the called vitamines. 
Extracts containing these substances have been prepared from fresh 
vegetables and from bacterial and yeast cells. has been found 
that they resist boiling for minutes, that they are destroyed 
autoclaving, that they contain but little available nitrogen, that they 
pass Berkefeld filter with little impairment, but are absorbed 
from water solution bone charcoal. 
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Growth Accessory Substances Blood. 


Blood has always been considered requisite for growth Pfeiffer’s 
bacillus, and the inability certain organisms multiply the 
absence blood blood derivatives has constituted absolute 
criterion for their differentiation hemophilic bacteria. im- 
portant this point emphasize again the fact previously mentioned 
that although Bacillus influenze grows luxuriantly when transplanted 
from blood medium plain broth containing yeast extracts, culti- 
vation cannot continued for more than one two transfers 
yeast broth alone. Growth deficiency under these circumstances 
suggests that possibly some other substance may carried over 
from the original blood culture amount sufficient supplement 
the vitamine factor yeast broth and that growth fails succeeding 
cultures this medium because this second substance either ex- 
hausted growth lost dilution subsequent transfer. For 
purposes discussion this second substance may referred 
the factor, and the vitamine-like substance the factor. 
The theoretical consideration the presence these two essential 
growth factors blood requires for its substantiation the demon- 
stration the dual nature the growth-stimulating property 
blood. the following experiments the interdependence these 
two substances and their distribution the various fractions blood, 
body fluids, and crystalline hemoglobin will discussed. 

has already been pointed out the first part this paper that 
one the substances, the factor, can supplied from source 
other than blood, for instance, yeast. explanation, therefore, 
failure continued growth Bacillus influenze yeast broth 
alone, suggested that the substance lacking this medium 
supplied the first instance the inoculum from the original blood 
broth, and that the amount furnished this way sufficient 
when supplemented excess the factor from yeast sustain 
growth the first transfer, but that subsequent cultures the 
factor quickly lost perhaps used growth the bacilli. 
That this second substance, the called factor, actually carried 
over from blood broth with the first inoculum shown the following 
experiment. 
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The red blood cells were sedimented from blood broth culture influenze 
slow centrifugation; the supernatant culture fluid was again centrifuged and 
the sedimented bacteria were washed three times large volumes sterile 
salt solution remove any trace substance adherent them. The washed 
bacilli were resuspended salt solution the volume the original culture and 
the relative growth capacity the washed and unwashed bacilli from blood 
broth was tested plain bouillon containing yeast extract per cent con- 
centration. 


The facts recorded Table and substantiated repeated 
experiments justify the assumption previously made that addition 
the substance blood which finds its analogue yeast extract, 
there also present another substance (X) equally essential growth 


TABLE IV. 


Relative Growth Capacity Washed and Unwashed Influenza Bacilli from Blood 
Culture Yeast Extract Broth. 


per cent yeast extract broth (V) inoculated with. 


Inoculum. Washed bacilli from supernatant | Unwashed bacilli from supernatant 
fluid blood broth culture fluid blood broth culture 
(no X). (X present). 
0.1 
0.05 
loop. 


Controls: 0.1 cc. supernatant blood broth plain broth without yeast 


extract showed growth. loop washed bacteria blood agar yielded 
good growth. 


Bacillus influenze. This accessory substance, the lack 
which media hemophilic bacteria are peculiarly sensitive, capable 
extraordinarily small quantities, such for instance may carried 
over single inoculum from blood broth, supplying the necessary 
growth conditions. Although this second substance, the called 
factor, can function minute amounts, unable itself 
induce growth, for, shown the controls Table IV, the same 
inoculum which yields growth broth containing yeast extract fails 
grow plain broth alone, although both instances the amount 
carried over the inoculum the same. 
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These two substances may further differentiated their relative 
susceptibility heat. known that the clear fluid extracted from 
the coagulum whole blood short exposure the temperature 
boiling water supports growth Bacillus influenze. This blood 
extract, therefore, presumably contains both the and the sub- 
stances, and its addition plain media small amounts suffices for 
growth hemophilic bacilli. Since, boiling for several minutes, 
substances can extracted from blood which still possess the growth- 
stimulating properties exhibited unheated blood, evident that 
the factors concerned promoting growth are not destroyed 


TABLE 


Effect Heat the Growth Accessory Substances Blood. 


Without yeast Without yeast yeast extract, 
extract. 0.5 cc. (V). extract. 0.5 cc. (V). 


Prepared placing tube containing rabbit blood boiling water for 
minutes and using the clear extracted fluid after removal coagulated material 
centrifugation. 


short exposure this temperature. studying the effect heat 
the growth-stimulating action tomato and yeast extracts (Table II) 
was found that boiling for least minutes did not appreci- 
ably impair their action, while exposure the autoclave 120°C. 
for minutes greatly diminished completely destroyed their 
potency. blood, therefore, contains substance analogous its 
behavior the vitamine-like principle extracted from yeast, then 
blood which has been autoclaved should fail support growth 
Bacillus influenze, since the factor would destroyed under these 
conditions. the other hand, the factor blood stable 
heat, then the autoclaved blood should reactivated the 
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addition the fresh substance yeast extract. test the va- 
lidity this assumption the experiment presented Table was 
carried out. 

From Table evident that the accessory substances blood 
essential growth hemophilic bacilli are not destroyed ex- 
posure 100°C. for minutes, since extracts prepared from boiled 

are active promoting growth. further apparent that 
these same blood extracts after autoclaving for minutes 120°C. 
are longer capable themselves supporting life the bacilli. 
The experiment further demonstrates the interesting fact that the 
substance substances blood which are destroyed excessive 
heat can replaced the addition the growth-stimulating prin- 
ciple extractable from yeast. analysis these observations 
the heat sensitiveness the growth-promoting substances blood 
indicates clearly that differences exist thermostability the basis 
which possible separate these two factors. The factor, 
called, heat-stable and unaffected action exposure 
steam under pressure 120°C. for hour. the other hand, the 
called factor blood, like the similarly reacting substance 
extracts yeast, relatively more labile and destroyed the 
autoclave temperature. 

Before passing the question the distribution these growth 
accessory substances the various fractions blood, well 
emphasize the peculiar sensitiveness the hemophilic bacilli 
lack cither these two factors media, and the relative differences 
the effective amounts each. has been pointed out (Table IV) 
that small inoculum from blood media, sufficient amount the 
substance may carried over cause growth blood-free broth, 
providing yeast extract, which supplies the factor, also added. 
other words, mere traces the substance the presence this 
vitamine-like principle suffice for growth, but neither separately can 
function even when present excess. This dual action, and the 
relative amounts each factor necessary, particularly the minimal 
effective dose are important the technique determining the 
presence absence either factor, since possible carry over 
with the inoculum enough the particular factor lacking test 
medium permit growth. The nature the seeding, therefore, must 
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carefully chosen that the culture from which taken shall con- 
tain only minimum the particular factor sought any given 
medium extract. For example, when testing for the presence 
the factor given extract medium, the seeding should made 
from the supernatant fluid blood broth culture, since this 
instance effective amount the substance carried over with 
little factor. the other hand, demonstrating the pres- 
ence the substance blood derivative blood, the medium 
question should inoculated from yeast extract broth culture 
derived above, since under these conditions minimal and in- 
effective amount transferred the inoculum. testing for 
the substance excess the factor should always added 
the form yeast extract, its equivalent. 

the Growth Accessory Substances Blood and Blood 
comparative study the distribution these growth 
accessory factors blood and blood derivatives was made determin- 
ing the presence absence growth Bacillus influenze plain 
broth enriched with graduated amounts ascitic fluid, serum, blood 
extract, and solutions laked red blood cells and crystalline 
hemoglobin. The sterile ascitic fluid, untinged with hemoglobin, 
was obtained from patient suffering from cirrhosis the liver and 
had been stored without antiseptic the ice box for several months 
prior use. The serum, blood extract, and solution laked blood 
cells were prepared from freshly drawn defibrinated rabbit blood. 
The serum was separated from sterile defibrinated blood repeated 
centrifugation, care being taken obtain specimen with visible 
traces blood pigment. The blood extract consisted that fraction 
whole blood expressed from the coagulum after boiling for 
minutes, and separated from the coagulated proteins prolonged 
centrifugation. 

The solution laked red blood cells was made follows: The red 
cells from cc. sterile defibrinated blood were removed centrif- 
ugation, washed three times sterile salt solution (50 cc. each time), 
and taken sterile distilled water the original volume blood. 
After laking, the cell residue was sedimented centrifuging and the 
clear supernatant fluid pipetted off and used hemoglobin solution. 
gasometric analysis cc. this solution contained 0.1 gm. 
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hemoglobin. The crystalline hemoglobin? was prepared the 
method Welker and Williamson (11) from blood. The crystal- 
line hemoglobin, usual with dry preparations, had lost its oxygen- 
carrying capacity. water solution the crystals (10 per cent 
weight) was rendered sterile passage through Berkefeld filter (N). 


TABLE VI. 
the Growth Accessory Substances and Blood and Blood 
Derivatives. 
Source accessory substances. 


Blood Solution Solution Yeast 


Serum laked red crystalline 
fluid. extract. cells. ¢ hdaaogtetie.? extract. 
1:100,000 
1:200,000 


All tubes inoculated with 0.05 cc. hour yeast extract broth culture 
influenze. 

Contained gm. hemoglobin per 100 cc. 

Contained per cent crystalline hemoglobin. 

Represents final concentration 1:1,000,000 hemoglobin. 

Represents final concentration 1:2,000,000 crystalline hemoglobin 
weight. 


The ascitic fluid, serum, and blood derivatives prepared described 
above were added plain infusion broth the dilutions indicated 
and inoculated with 0.05 cc. hour yeast extract broth culture 
Bacillus influenze. Growth was controlled subculture blood 
agar and second transfer yeast extract broth alone. 


are indebted Dr. Peters, Jr., the Hospital The Rockefeller 
Institute for the preparation crystalline hemoglobin used these experiments. 
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analysis Table reveals certain facts concerning the distri- 
bution the growth accessory factors blood and blood derivatives. 
the first place, evident that Bacillus influenze will not 
grow serum concentration high per cent broth 
ascitic fluid diluted with equal volumes broth. the presence 
yeast extract, however, growth occurred under otherwise identical 
conditions ascitic fluid broth 1:5 and serum broth 1:1,000. Sec- 
ondly, blood extract and hemoglobin solution freshly prepared from 
laked red cells broth were able stimulate growth dilutions 
high 1:100 and 1:1,000 respectively. The addition yeast extract 
broth containing these blood derivatives permitted growth even 
higher dilutions; namely, 1:1,000 blood extract, and 
the solution laked cells. Finally, the addition solution 
crystalline hemoglobin broth concentrations equivalent the 
solution laked red cells failed yield growth, while dilutions 
equivalent laked cells the same solution crystalline 
substance afforded excellent growth when yeast extract was added. 
should noted that for purposes comparison the concentrations 
are expressed Table terms dilution the original body 
fluids their equivalents. However, since the solutions laked 
cells and crystalline hemoglobin the content this substance 
weight per cent, the actual dilution hemoglobin sufficing for 
growth is, therefore, ten times greater than that recorded the 
protocol. terms actual amount crystalline hemoglobin 
weight, these figures represent concentrations and 2,000,000 
respectively. 

attempting determine the distribution blood the 
called growth accessory factors and must borne mind that 
the methods employed are not strictly comparable and that the results 
are merely relative and necessity must vary with each individual 
specimen serum blood. Nevertheless, the growth differences 
are sufficiently great make apparent that the greatest concentra- 
tion both these substances associated with the cell fraction the 
blood, and that serum and ascitic fluid, the other hand, contain 
little measurable quantity the vitamine-like principle and 
only relatively small amounts the substance, evident from 
the fact that themselves they are separately incapable support- 
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ing growth. The quantity substance pure serum rela- 
tively slight compared with its abundance solutions laked cells 
and crystals hemoglobin. This fact makes seem not unlikely 
that the red blood cell the source this substance and that the 
presence serum ascitic fluid purely accidental, due 
conditions which permit its escape from the blood cells. The activ- 
ity this substance crystalline hemoglobin dilutions great 
weight strong evidence that some constituent 
the red blood cell which may function catalytic agent. 
must borne mind that the detection the substance 
itself solutions crystalline hemoglobin, ascitic fluid, and 
serum made possible only when these are used combination with 
vitamine-containing extracts from yeast from other extraneous 
sources, since the substance alone inactive and unable 
support growth without the complementing factor. 

attempting interpret the facts brought out Table VI, 
further interest observe the distribution and relative concentra- 
tion factor, vitamine-like principle, the various fractions 
blood and blood derivatives. Just the substance appears 
intimately associated with the cell fraction blood, the factor 
apparently found greatest concentration the blood corpuscles. 
Because the greater susceptibility the factor heat and chemi- 
cal manipulation, and owing the fact that present blood 
lower concentration than the substance, this vitamine-like principle 
active only when the intact red cell and solutions extracts 
these cells have not been subjected untoward conditions. For 
example, the chemical procedures incident the preparation crys- 
talline hemoglobin cause complete loss this factor, while the more 
stable substance remains unimpaired. Like the factor, ex- 
tractable from yeast and vegetable cells, the corresponding substance 
blood extracts withstands boiling for least minutes, but 
destroyed exposure 120°C. for minutes, neither which 
procedures, however, interferes with the peculiar properties the 
substance blood. the specimen blood extract used this 
experiment, the factor exerted its growth-stimulating action 
dilution and the unheated solution laked cells, which 
the hemoglobin was physiologically active shown its oxygen- 
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carrying capacity, the factor was present dilutions high 
1:10,000. the other hand, already noted, solutions crys- 
talline hemoglobin were devoid vitamine-like property 
quired the addition yeast extract supplement the substance 
present. 


DISCUSSION. 


already pointed out, the importance growth accessory sub- 
stances the cultivation bacteria has been appreciated num- 
erous observers, and the case the hemophilic bacilli has been 
emphasized particularly Davis. The foregoing experimental data 
are presented, therefore, not merely direct attention the relation 
these substances the growth Bacillus influenze, but rather 
with the hope that these studies progress, they may furnish the 
basis for more accurate understanding bacterial nutrition, and 
that the principles involved may find wider application the culti- 
vation organisms other than those the hemophilic group. 

preceding papers (1, 12) has been shown that the substances 
requisite for growth Bacillus influenze can supplied from source 
other than blood. The mucoid material elaborated during growth 
certain bacteria, together with the dead bodies these organisms 
hemoglobin-free broth, has been found furnish the accessory 
substances necessary for the cultivation the hemophilic bacilli. 

The present paper concerns itself with attempt analyze the 
accessory factors blood which have with the peculiar nutri- 
tional requirements the hemophilic bacteria. shown that the 
growth accessory substances blood involve two distinct and separ- 
able factors, neither which alone suffices stimulate growth. 
One these factors analogous its behavior substances belong- 
ing the class called vitamines, and because this similarity 
referred the text the factor. The other factor less 
easily defined and spoken the substance. the basis 
relative differences susceptibility heat, these two factors may 
separated one from the other. The vitamine-like principle 
blood destroyed exposure temperature 120°C. the 
autoclave, while the substance resists heating under these condi- 
tions. These substances, however, remain unimpaired blood sub- 
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jected the temperature boiling water for minutes. Extracts 
expressed from the coagulum boiled blood contain both these 
factors and are capable, therefore, supporting growth Bacillus 
influenze. the other hand, autoclaved blood contains only the 
more stable substance and incapable itself stimulating 
growth unless reactivated the addition the factor from another 
source. That the vitamine-like substance blood can supplied 
from other sources shown the fact that extracts yeast, toma- 
toes, green peas, and beans possess the property reactivating 
otherwise inert medium containing only the substance. 

Furthermore, shown that the addition plain broth active 
extracts yeast vegetable cells dilutions high 1:1,000 
suffices initiate growth influenze when seeded from 
blood media. However, the fact that cultivation cannot con- 
tinued for more than one two transfers yeast extract broth alone 
suggests that the first instance some the substance carried 
over the inoculum from the original blood culture amount 
sufficient supplement the yeast broth and that growth fails 
succeeding cultures because this factor either exhausted growth 
lost dilution subsequent transfer. 

Moreover, study the relative distribution these two factors 
the constituents blood demonstrates the fact that they are pres- 
ent greater concentration the cellular elements than the 
serum plasma. The facts far acquired indicate that the red 
blood cell the carrier the vitamine-like principle and that this 
substance, like its analogue yeast cells, intracellular nature 
and can extracted the methods described. While the chem- 
ical nature this substance not known, presumably analogous 
the called vitamines. has been found that similar growth- 
accelerating substances capable replacing the factor blood can 
extracted from bacterial and yeast cells and from fresh vegetables. 
These extracts contain but little nitrogen, they are destroyed 
autoclaving, they are water-soluble, they pass Berkefeld filter, but 
are absorbed readily from heated solutions bone charcoal. 

The experimental data recorded above indicate that blood 
least the substance intimately associated with derivative 
hemoglobin. The fact that the factor crystalline hemoglobin 
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can function dilutions high 1:2,000,000, when supplemented 
excess the factor from yeast extract, suggests that may 
act catalytic agent. Further observations the nature the 
substance blood and its presence material other than animal 
tissue will presented subsequent paper. 


CONCLUSIONS. 


The hemophilic bacteria which Bacillus influenze serves 
type require for their growth two distinct and separable substances, 
both which are present blood and neither which alone suffices. 
These substances are (a) vitamine-like substance which can ex- 
tracted from red blood corpuscles, from yeast, and from vegetable 
cells, which relatively heat-labile and absorbed from solution 
certain agents; (b) called substance which present red 
blood cells, heat-stable, and acts minute amounts. 


BIBLIOGRAPHY. 


Th., Exp. Med., 1921, xxxiii, 763. 
Wildiers, E., Cellule, 1901, xviii, 313. 
Amand, A., Cellule, 1904, 
Bachmann, M., Biol. Chem., 1919, xxxix, 235. 
Eddy, H., and Stevenson, C., Proc. Soc. Exp. Biol. and Med., 1919-20, 
xvii, 122. 
McDonald, B., and McCollum, V., Biol. Chem., 1921, xlv, 307. 
Bottomley, B., Proc. Roy. Soc. London, Series 1915-17, 102, 481. 
Lloyd, J., Path. and Bact., 1916-17, xxi, 113; Brit. Med. J., 1916, ii, 
143; 1917, 11. 
Cole, W., and Lloyd, J., Path. and Bact., 1917, xxi, 267. 
10. Davis, J., Infect. Dis., 1907, iv, 73; 1917, xxi, 392. 
11. Welker, H., and Williamson, Biol. Chem., 1920, xli, 75. 
12. Th., and Avery, T., Proc. Soc. Exp. Biol. and Med., 1921, xviii, 197. 


id 
= 
he 
— 


STUDIES THE D’HERELLE 


ANDRE GRATIA, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


AND 


(Received for publication, March 1921.) 
INTRODUCTION. 


About years ago fouad that stools patients recovering from 
bacillary dysentery contain filterable substance which able dissolve cultures 
the Shiga bacillus and that few drops the dissolved culture reproduces 
the same phenomenon upon addition another culture, and on, indefinitely. 
Through these different passages the lytic property, instead decreasing 
dilution, the contrary increased and retains its activity even after several 
years. 

Such continuous transmission the lytic property occurs only the transfer 
made into living cultures the Shiga bacillus. Hence d’Hérelle concluded 
that the lytic agent filterable virus parasitic the Shiga bacillus. this 
supposed virus has given the name bacteriophage. discovered similar 
bacteriophages for coli, typhosus, paratyphosus and and some other 
bacilli. 

claimed have isolated the bacteriophage, which described 
myxameba possessing spores minute that they are capable passing 
porcelain filters. 

the other hand, denies the living nature the bacteriophage 
and considers merely catalyzer secreted the leucocytes the infected 
intestine and capable activating lytic proferment present the body the 
microbes. 

The observations Bordet and also make very doubtful the parasitic 
nature the bacteriophage. These authors injected guinea pigs intraperitoneally 


Most the findings here reported have already been presented preliminary 
notes Compt. rend. Soc. biol., 1921, 275, 750, 751, 753, 755. 

F., Compt. rend. Acad., 1917, clxv, 373; 1918, clxvii, 970; 1919, 
clxviii, 631; Compt. rend. Soc. biol., 1918, 1160; 1920, 52, 97, 247. 

Salimbeni, Compt. rend. Soc. biol., 1920, 1545. 

T., Compt. rend. Soc. biol., 1920, 219, 471. 

Bordet, J., and Ciuca, M., Compt. rend. Soc. biol., 1920, 1293, 1296. 
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three times day intervals with cultures coli. day after the last 
injection the peritoneal leucocytic exudate exhibited the properties the bac- 
teriophage d’Hérelle; namely, continuous transmission lytic action. 

Bordet and Ciuca also observed that culture coli, once dissolved 
immunized exudate and then filtered, able either dissolve second culture 
coli inhibit its growth broth. But neither this dissolution nor the 
inhibition absolute, since few organisms always resist the dissolution and 
multiply, although slowly. The latter bacilli are distinguished from the original 
culture certain characteristics: they resist the lytic agent but have now them- 
selves acquired the lytic property and become lysogenic, capable inducing 
dissolution culture normal coli. Moreover, when planted slanted 
agar mucoid, sticky culture results; also they are less phagocytable and more 
virulent for guinea pigs than the normal culture from which they were derived. 
All these properties are preserved even after passage through animals. 

Thus there seems arise under the influence the lytic substance race 
bacilli which adapted this substance and characterized new and trans- 
missible properties such the increased virulence. Bordet and Ciuca call this 
race “modified coli,” and they infer that under the influence the peritoneal 
exudate mentioned variation the colon bacilli occurs the sense that they 
now secrete autolysin which dissolves their own cells, with the exception 
few resistant organisms which survive and continue produce the lytic secretion. 
Hence Bordet and Ciuca conceive the phenomenon that transmissible 
microbic autolytic property. 

The facts outlined are fundamental importance, since they relate not 
only the problem the lysis itself but also such disputed questions the 
appearance new races, the heredity acquired characteristics, and the nature 
virulence. 


Influence Hydrogen Ion Concentration. 


first established the influence the hydrogen ion concentra- 
tion the lytic action® which, known, manifests itself two 
ways, either inhibiting the growth Bacillus coli freshly planted 
broth cultures dissolving culture already grown. the former 
phenomenon more easily observed than the latter, the inhibiting 
action the lytic agent will chosen criterion the following 
experiments. 


Experiment tubes plain broth were seeded with the same small 


Weare indebted Dr. Bordet strain coli with which carried 
his studies, together with quantity the corresponding lytic agent. The 
experiments were conducted with this material. 
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afterward drops the lytic agent were added the second tube. this 
condition, known that the first tube grows normally while the second remains 
perfectly clear for certain period, which can easily measured. 

have repeated this experiment with broths varying hydrogen ion con- 
centrations and observed that the inhibition markedly influenced the re- 
action the medium; faint slightly acid (pH 6.8), neutral (pH 7), 


even slightly alkaline broth (pH 7.4), but much stronger more alkaline broth 
(pH 8.5). 


slightly acid broth (pH 6.8) containing drops lytic 
agent, Bacillus coli grows after hours almost well normal 
broth. But this early growth disappears very quickly dissolu- 
tion. After few hours, however, renewed growth begins and this 
time develops normally, reaching its maximum after hours. 
Then another dissolution occurs, but this process slow and in- 
complete. the following day the culture becomes somewhat 
more opaque again. 

Hence the impression arises succession waves growth 
and redissolution, each wave growth Bacillus coli becoming 
more resistant. 

the other hand, highly alkaline broth (pH 8.5) the inhibi- 
tion much more striking and only after hours that 
growth appears. 

Between these extremes have observed all intermediate de- 
grees, the inhibition increasing with the increase the alkalinity. 


Lysis and Microbic Variation. 


Bordet and Ciuca have clearly demonstrated that the lytic agent 
spread the surface young culture Bacillus coli slanted 
agar clarifies the culture dissolution, but that after certain 
period incubation one can detect few irregular colonies which 
have the distinctive characteristics the resistant Bacillus coli 
(Fig. observed very similar picture merely allowing 
the normal culture Bacillus coli age. old agar slant 
Bacillus coli shows uniformly dull film which appear very dis- 
tinctly, here and there, small vitreous colonies. The first impression 
that contamination, but these colonies are undoubtedly Bacillus 
and their distribution reproduces that the resistant colonies 


PHENOMENON 


observed Bordet and Ciuca (Fig. transplanting the 
material the desiccated film between the vitreous colonies, 
growth occurs. The organisms originally this material are now 
dead. the other hand, one the vitreous colonies planted 
broth, growth results which possesses great resistance the 
lytic agent. Therefore, merely allowing the normal culture 
Bacillus coli age, have realized artificial selection more 
resistant organisms. 

the same time have had the good fortune isolate from 
subculture the original strain colony organisms which are, 
the other hand, extremely sensitive the lytic agent. Hence 
two types Bacillus coli were isolated—one very resistant (Strain 
and the other very sensitive (Strain artificially selected 
from the original culture which they coexisted. The difference 
the susceptibility the two strains illustrated the following 
experiments. 


Experiment drop the lytic agent was spread the hour slanted agar 
growth Type With the exception only two three colonies, almost 
complete clarification occurred (Figs. and and B). 

With Type however, the clarification was transient and soon afterward the 
path left the drop was covered with multitude minute colonies (Fig. 


which, confluence, overgrew again the surface previously clarified (Fig. 
and D). 


Experiment varying hydrogen ion concentrations and containing 
few drops lytic agent was seeded respectively with Types TypeR 


grew luxuriantly, especially acid medium (pH 6.8), while Type showed 
growth, even acid broth. 


addition the differences their susceptibility the lytic 
agent, both types are distinguished other characteristics. Type 
multiplying more rapidly than Type produces promptly 
broth supernatant film with whitish band, consisting micro- 
organisms, adhering the wall the tube the level fiuid sur- 
face; Type shows the same details but only much later period 
growth. Both types produce indole and ferment carbohydrates, 
with the exception saccharose. The fermentation tests were made 
means stab cultures semisolid agar and gave the oppor- 


have made similar observations with Shiga cultures. 
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tunity observe another striking distinction. The growth Type 
remains close the line puncture (Fig. B); the contrary, 
Type diffuses uniformly throughout the whole mass agar (Fig. 
This distinction due the difference the motility the 
two types organisms; Type non-motile; Type possesses, 
the other hand, active motility very much like that the ty- 
phoid bacillus. This affords very useful means separating the 
two types when they are mixed: stab culture made one arm 
U-tube containing semisolid plain agar; only the motile Bacillus 
coli diffuses the other arm the tube, from which, after few 
hours, are able recover pure culture. 


TABLE 
Type Type 

Dilution. Results. Dilution. Results. 

QA 5 A 

ce. ce. 


general, Bacillus coli not very virulent, and guinea pigs can 
withstand intraperitoneal injections large doses this micro- 
organism. rather difficult measure variation viru- 
lence between different strains Bacillus coli. However, the 
following experiment, which each type this bacterium was em- 
ployed, will noted that Type more virulent than Type 


Experiment 4.—We injected into the peritoneal cavity five guinea pigs 
respectively cc. culture Type (grown plain broth, 6.8, for 
hours), using different dilutions, undiluted, 1:2, 1:4, 1:10, 1:20. Similarly five 
guinea pigs were injected with culture Type The results this experi- 
ment are shown Table 

Pig (injected with coli S): The peritoneal cavity con- 
tained purulent exudate with fibrinous clumps. Diffuse fibrinous membrane 
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covering the viscera, especially the liver. Microscopic examination the exudate 
showed large numbers leucocytes, few containing phagocytosed bacilli. 
free bacilli were visible (Fig. 5). The heart’s blood yielded sparse growth 
Type microorganisms. 

Four other guinea pigs which died after injections large doses Type 
have shown the same conditions, and three them cultures the heart’s 
blood remained sterile. 

Guinea Pigs and (injected with coli R): Only faint fibrinous pellicle 
was noted the surface the liver. The peritoneal exudate was serosanguineous 
and microscopic examination showed numerous bacteria and occasional 
leucocyte (Fig. 6). The heart’s blood yielded profuse growth Type bacilli. 


appears from these observations that Type more virulent 
and less phagocytable than Type The two types Bacillus 
coli behave differently, therefore, not only artificial media but also 
the animal body, and, furthermore, retain their individuality even 
after one passage through guinea pig. 

spite the sensitiveness Type the lytic agent, have 
never observed complete dissolution all these organisms 
culture. Among the vast number bacteria that are spread over 
agar slant there are always few—a dozen least—that resist 
the lytic agent and form colonies. have found that these re- 
sistant organisms were not few individuals Type which had 
contaminated the culture Type they were not motile. 
least proves that all the individuals which constitute culture 
Type are not similar far their susceptibility the lytic 
agent concerned. assume that there are all degrees resis- 
tance against the destructive agent, and few individuals can 
withstand the powerful action the undiluted lytic agent there must 
also few sensitive that they can dissolved even the lytic 
agent highly diluted, and that between these two extremes, inter- 
mediate degrees exist. This deduction favored the following 
experiment. 


Experiment 5.—To number agar slants seeded with equal quantities 
Type bacilli and maintained for hours 37°C. was added drop respectively 
increasing dilutions the lytic agent, follows: undiluted, 
etc. the concentration tie active agent diminished, the number the 
resistant colonies increased. certain point the clarification the surface was 
reduced small irregular zones and finally small, perfectly circular areas 


(Fig. 7). 
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These small areas clarification represent the few individuals 
Bacillus coli which are sensitive enough dissolved even 
very dilute solution the lytic agent. Each them, turn, 
becomes center regeneration the active substance, which, 
diffusing out the same distance all directions, produces small, 
circular zone clarification surrounded sort halo. 


Relation the Called “Colonies Bacteriophage.” 


d’Hérelle, who first observed the localization the dissolution 
when the lytic filtrate very dilute, offers different explanation 
for the formation the small zones clarification. considers 
these areas colonies the invisible virus which supposes 
responsible for the dissolution. When the filtrate pure the in- 
dividuals the bacteriophage are numerous that their colonies 
are confluent and produce general lysis. But when the dilution 
sufficiently high, each parasite isolated and produces localized 
lysis. 

claims this peculiar aspect unquestionable proof the 
living nature the bacteriophage because questions whether 
diffusible substance can localize its action certain points. 
have seen, can explain this easily not regard culture 
Bacillus coli homogeneous whole but made organisms 
varying resistance the lytic agent. While d’Hérelle ascribed 
the localized dissolution the dilution the bacteriophage, are 
inclined look upon the dilution accessory, and search for the 
immediate source the phenomenon the relative resistance 
the colon bacilli. this so, should expect the similar production 
small areas clarification even with undiluted lytic agent sub- 
mitting its action cultures greater resistance. will shown 
later, this precisely what have often observed. 

sum up, the called bacteriophage” can 
parasite. 

the preceding experiment decreasing quantities lytic agent 
were tested constant quantity Bacillus coli. the other 
hand, the following experiment, increasing quantities 
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were submitted constant quantity highly diluted lytic 
agent. 


Experiment 6.—200 cc. hour broth culture Type were centrifuged 
and the sediment cc. broth were added. The mixture was then 
filtered through sterile cotton; this way obtained perfectly homogeneous 
suspension with which the following dilutions were made: 10-%, 
large tubes was mixed respectively cc. each these coli sus- 
pensions with 0.5 cc. very dilute lytic agent. Immediately afterward 
cc. each these mixtures with cc. plain agar was plated Petri dishes 
and incubated 37°C. After hours incubation, the surface the plates was 
covered with uniform pellicle coli which appeared small areas clari- 
fication which were evenly distributed and easy count. 


the lytic agent living organism and these areas are colonies 
bacteriophage, the number areas should approximately the 


TABLE II. 


10-5 10-3 249 220 
10-2 469 167 187 800 
328 332 508 
Undiluted. 142 255 320 


same all plates, since have added each the same amount 
diluted filtrate. Moreover, since the size colony usually 
varies directly with the abundance its food, and since Bacillus 
comprises the nutrient elements this case, the size the 
areas should increase with the quantity 

But the results the preceding experiment show otherwise. The 
number areas first increases, then reaches maximum, and finally 
decreases, the Bacillus coli increased (Table II). 
The size the areas instead increasing, the contrary, de- 
creases. 

These results favor the idea that the lytic agent diffusible 
substance. the areas represent individuals Bacillus coli 
sensitive dissolved even very weak lytic agent, the num- 


a 
é 
& 


ANDRE GRATIA 123 


ber these sensitive individuals should increase with the concen- 
tration the coli emulsion, and the number spots should 
then increase proportionately. This what noted the beginning 
the curve. But unfortunately second phenomenon opposite 
tendency interferes with the preceding one: when the lytic agent 
added the Bacillus coli suspension, combines partially with 
proteins which have nothing with the dissolution and de- 
creases the dissolving action direct proportion the increase 
quantity Bacillus one hand, the clarified areas increase 
with the increase the Bacillus coli emulsion because the number 
sensitive organisms increasing, the other hand, these areas tend 
decrease because the activity the lytic agent decreasing. The 
combination these two phenomena opposite action should give 
the curve that have observed. The evidence hand leads 
the hypothesis that bacteriophage diffusible, rather than living 
substance. 
the Lysis. 


The lytic filtrate used the preceding experiments was specific. 
While active the used injecting the guinea 
pigs, without any action not only other closely related species 
but also other strains Bacillus But the following ex- 
periments have been able extend the lytic action other species. 


Experiment the aim increasing our stock lytic agent added 
cc. the original filtrate each two flasks, one containing cc. young 
broth culture Type and the other Type Dissolution the 
growth occurred. After hours incubation, filtered both cultures and thus 
obtained besides the original filtrate (Filtrate O), two new filtrates, Filtrate 
(Type and Filtrate (Type R). 

With sample Filtrate very marked dissolution was observed® Shiga 
bacilli, Flexner bacilli, Hiss Flexner bacilli, and also strain coli 


phenomenon similar the one observed Loeb J., Artificial 
parthenogenesis and fertilization, Chicago, 1913, 145) the parthenogenetic 
fertilization eggs with small quantities acids. Very dilute solutions 


acid are able fertilize small number eggs, but not larger number. The 


acid combining with the jelly the eggs loses certain part its activity; 
still retains enough efficiency when the eggs are not numerous, because the 
total quantity jelly small, but loses completely, account the abundance 
jelly, when the number eggs great. 

These observations were made Dr. Martha Wollstein. 
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communis which was unattacked the original filtrate. This observation led 
control the action all three filtrates agar slants, seeded with the fol- 
lowing bacteria: Types and both isolated from the original culture Bordet 
and Ciuca, coli communis, coli communior, dysenterie Shiga, 
Flexner, Hiss type Flexner bacilli, typhosus, and paratyphosus and 

Filtrate the original lytic agent, had only weak lytic action, limited 
Types and Filtrate was similarly weak, but produced few small areas 
clarification the three dysenteric bacilli; Filtrate the other hand, was 
extremely active and produced complete dissolution Type almost 
complete dissolution Type and the three dysenteric bacilli, and complete 
clarification the strain coli communis. Only the coli communior, 
the typhoid, and both paratyphoid strains were unaffected. 


Our supposition was attribute this increase the power the 
lytic agent the fact that Filtrate was prepared with more re- 


TABLE 

Dysenteric bacilli. Paratyphoid 


indicates complete clarification, resistant colonies; almost 
complete clarification, less than twelve resistant colonies; moderate degree 


clarification, many resistant colonies; only few small areas clarifica- 
tion;—, negative result. 


sistant strain, Type The following experiment demonstrates that 
this the actual condition and the use resistant strain gives 
method increasing the efficacy the lytic agent and extending 
its action the other species yet refractory. 


Experiment 8.—By allowing cc. Filtrate act for hours cc. 
young culture Type bacilli, have obtained still stronger filtrate 
(Filtrate which, fortunately, produced four five minute areas slant 
typhoid bacillus. Following this last indication, mixed cc. young 
culture typhoid bacillus with cc. Filtrate and after hours incubation, 
obtained filtrate (Filtrate extremely lytic for typhoid, well for para- 
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typhoid bacilli. the same time, the action Filtrate coli was 


diminished certain extent. Table III shows, the activity the different 
filtrates. 


obvious that can now multiply similar combinations 
allowing one another our filtrates act well selected 
strain intermediary. will interest study the relation 
between different microbic species this respect, and note 


what extent the lytic activity can transmitted from one species 
another. 


CONCLUSIONS. 


The inhibition produced the lytic agent the growth Bacillus 
coli greatly influenced the reaction the medium; faint 
slightly acid (pH 6.8) neutral (pH even slightly alkaline 
broth (pH 7.4), but much stronger more alkaline medium 
(pH 8.5). 

have isolated from the original strain Bacillus coli two types 
organisms; one (Type sensitive the lytic agent, the other 
(Type much more resistant. These types are distinguished also 
other characteristics: Type grows quickly artificial medium 
and non-motile; Type grows more slowly, extremely motile, 
much less phagocytable, and more virulent. Both types produce 
indole and ferment carbohydrates, with the exception saccharose. 
Both types keep their individuality even after passage through 
guinea pig. 

have also demonstrated that even culture single type, 
Type for instance, not homogeneous whole but made 
organisms varying resistance the lytic agent; only few are 
resistant enough overcome the strong action the undiluted 
lytic agent. the other hand, only few well are sufficiently 
sensitive dissolved even very dilute lytic agent. 

This explains why dilute lytic agent spread agar plate seeded 
with Bacillus coli confines its action only certain places and pro- 
duces the small round areas dissolution that d’Hérelle considered 
bacteriophage.” Moreover, have observed the 
same localized action ever. with non-dilute lytic agent when submitting 
its action cultures greater resistance. 
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Our original lytic agent was found specific; acted exclusively 
the coli with which the guinea pigs were injected. allowing 
this original lytic principle act broth cultures our two types 
Bacillus coli, have obtained two new filtrates. The first, resulting 
from dissolution the sensitive Strain specific the original 
filtrate. But with the second, obtained from the resistant Strain 
Dr. Wollstein has found marked action Shiga, Flexner, 
and Hiss dysentery bacilli. consequence this observation, 
have been able, method successive passages through ap- 
propriate strains, extend the lytic power other species, ty- 
phoid and paratyphoid bacilli, and have obtained this somewhat 
different technique results similar those recently published 
Bordet and Ciuca. 


EXPLANATION PLATES. 


Fic. Tube Experiment Bordet and Ciuca. young culture 
coli slanted agar covered with lytic agent. Only few organisms resist dis- 
solution and produce irregular colonies. Agar slant culture 
coli, weeks old. Note the uniformly dull film the desiccated culture few 
hyaline colonies which have resisted desiccation (coli R). 

Fic. Experiment drop lytic agent placed hour cultures 
coli (Types and R). Results after hours incubation 37°C. Tube 
Type (sensitive). The path the drop free from growth. Tube Type 
(resistant). The path the drop already covered with great number 
minute resistant colonies. 

Fic. The same experiment. Results after hours incubation. Tubes 
and Coli Only few resistant colonies may seen. Tubes and 
Coli Numerous resistant colonies have overgrown the area previously 
clarified. 

PLATE 


Fic. Stab cultures Types and semisolid agar. Tube Type 
(motile). The growth diffuses evenly throughout the whole mass agar. Tube 
(non-motile). The growth remains close the line puncture. 

Fic. Peritoneal exudate guinea pig dead after injection coliS. Numer- 
ous leucocytes. free bacteria. 

Fic. Peritoneal exudate guinea pig dead after injection coli 
leucocytes. Numerous free bacteria. 
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(Gratia: d’Hérelle phenomenon.) 
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